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PREFACE 


Seismic  data  from  earthquakes ,  especially  those  recorded 
digitally,  have  been  accumulating  rapidly  in  recent 
years.  At  present,  diverse  types  of  high-quality  data 
are  being  generated  under  a  wide  range  of  programs 
supported  by  agencies  such  as  the  U.S.  Geological  Survey 
(USGS) ,  the  National  Science  Foundation  (NSF) ,  the 
Departments  of  Defense  and  Energy  (DOD,  DCS) ,  the  O.S. 
Nuclear  Regulatory  Commission  (NRC) ,  and  other  state  and 
federal  government  and  private  institutions.  The  recent 
report  of  the  National  Research  Council's  Committee  on 
Seismology,  Seismographlc  Networks!  Problems  and  Outlook 
for  the  1980s  (National  Aoadsmy  Press,  Washington,  D.C., 
1983)  provides  insight  into  current  data-acquisition 
aspects  of  earthquake  seisaology  and  difficulties  con¬ 
fronting  those  operations  and  gives  recommendations  on 
ways  to  help  eliminate  problems  in  data  collection. 

It  is  clear  that  with  the  development  of  high  dynamic 
range,  broadband  digital  seismic  systems,  the  distinc¬ 
tion  between  strong-motion  recording  and  sensitive  high- 
gain  seismic  recording  is  disappearing.  This  means  that 
earthquake  engineers  and  seismologists  soon  can  share  a 
common  seismic  data  base  for  their  respective  applica¬ 
tions.  Therefore,  the  discussion  in  this  report  should 
be  taken  to  apply  to  all  types  of  earthquake  ground- 
motion  data. 

Digital  data  are  opening  exciting  now  areas  of 
research  and  applications  that  until  now  have  not  been 
possible  even  with  the  best  analog  data.  To  realise 
these  potential  scientific  breakthroughs  in  seismology 
fully,  these  data  must  be  effectively  disseminated  to  a 
wide  user  community  concerned  with  both  basic  research 
and  applications  of  seismic  data.  This  report  is 
addressed  primarily  to  the  problems  of  data  msnsgosmnt  in 
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seismology,  because  shortcomings  in  the  present  data- 
handling  and  -distribution  practices  constitute  the 
greatest  barrier  to  effective  use  of  earthquake  data  of 
all  types. 

The  Panel  on  Data  Problem  in  Seismology  was 
established  by  the  Conmittee  on  Selenology  to  review 
seisnic  data  problena  and  nake  teoo— endations  for  the 
organisation,  selection,  storage,  and  distribution  of  the 
data.  Zt  waa  specified  that  the  atudy  should  include 
both  existing  and  anticipated  analog  and  digital  data 
fren  global,  national,  regional,  and  local  seisnic 
networks  and  strong-notion  data.  Further,  the  panel  was 
asked  to  consider  procedures  and  policies  to  ensure  the 
availability,  tinely  distribution,  and  analysis  of  these 
data.  (The  charge  to  the  panel  is  given  in  Appendix  A.) 

The  results  of  the  panel's  findings  presented  in  this 
report  focus  on  seiaaologioal  data  fren  earthquakes.  The 
general  discussion  and  conclusions  should  be  relevant  for 
several  years,  but  details  of  the  report  reflect  the 
current  situation  in  a  rapidly  changing  era  of  data 
collection  and  distribution)  of  advancing  capabilities 
and  availability  of  computers)  of  varying  data  storage 
capacities  of  present  system)  of  Increasing  need  for 
ooaputers  for  solving  oanples  analytical  problem)  of 
increasing  availability  and  use  of  digital  as  coopered 
with  analog  data)  and  of  perpetual  uncertainties  in  other 
factors,  such  as  the  yearly  funding  levels  of  federal 
agencies. 

The  data  problem  in  selenology  are  of  such  key 
importance  for  achieving  potential  scientific  advances 
and  so  changeable  with  tins  that  continued  vigilance  will 
be  needed  to  ensure  that  new  developments  in  technology 
are  iaplemnted  in  a  tinely  manner,  enabling  United 
States  scientists  and  engineers  to  stay  at  the  forefront 
of  modern  seismology. 

The  support  of  the  Comittee  on  Seismology  by  the 
following  federal  agencies  is  appreciated)  National 
Oceanic  and  Atmospheric  Administration)  National  Science 
Foundation,  Division  of  Sarth  Sciences  (AASO)  j  O.S. 
Geological  Survey)  Office  of  Naval  Research)  Air  Force 
Office  of  Scientific  Research)  National  Science 
Foundation,  Division  of  Civil  and  Bnvironmsntal 
Engineering  (WO) ;  O.S.  Nuclear  Regulatory  Commission) 
Defease  Advanced  Research  Projects  Agency)  O.S. 

Department  of  Energy;  and  Federal  Rnsrgssoy  Management 
Agency. 


Shelton  S.  Alexander,  Chairman 
Panel  on  Data  Froblam  in  Seismology 
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After  considering  e  wide  variety  of  dete  pcoblens  in 
aeisaulogy,  the  Panel  has  identified  ae  the  pcinary 
challenge  in  the  iaaediate  future  the  dmlopsnt  of  a 
coordinated  national  effort  in  the  collection*  storage * 
and  dleseninatlon  of  digital  earthquake  data  to  assure 
that  our  nost  advanced  technology  la  used  effectively  in 
seiauological  research  and  engineering  explications. 

Indeed  aany  of  the  nost  important  and  challenging  aeis- 
ao logical  studies  of  today  require  both  digital  data  fron 
state-of-the-art  instruasnts  and  computer  facilities 
capable  of  analysing  large  data  seta  and  Modeling  the 
processes  that  explain  the  observations.  Providing 
seiaaologists*  with  easy  (reaote)  access  to  desired  event 
inf  or  nation  and  waveforn  data  (including  real-tine 
recordings  fron  global  or  national  networks)  at  a  National 
Center  for  Selsnologleal  Studies  should  increase 
scientific  productivity  significantly  without  appreciably 
increasing  overall  data  nsnsgensnt  and  dissaninatiou 
costs. 

He  foresee  najor  advances  in  selenology  resulting  fron 
the  increasing  use  of  digital  data.  Many  of  these 
advances  will  siaply  follow  fron  ref  in  taunts  in  doing 
better  what  has  already  been  done*  e.g.«  tape owed 
velocity  node Is,  nore  accurate  hypooenter  locations*  sore 
coop  lets  earthquake  catalogs*  and  nore  efficient  aearohing 
and  sorting  of  data  bases,  there  are  aany  areas  of 
research*  however*  where  digital  data  are  opening 


•in  this  r sport  "selaaologist"  refers  in  ter  ch  ang  ably  bo 
both  scientists  and  engineers  and  "cetane logy*  includes 
the  full  range  of  science  and  engineering  studies* 
including  strong  action. 
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possibilities  thsfc  have  until  now  boon  beyond  the 
limitations  of  the  bast  analog  data*  among  these  are 
detailed  structure  and  heterogeneity  of  the  Barth's 
interior  from  high-resolution  eigenfrequency  spectra  of 
free  oecillationsi  frequency-dependent  attenuation  (&) 
structure  of  the  Barths  detailed  dynamic  models  of  the 
earthquake  source  from  broadband  waveform  studies? 
real-time  or  near -real- time  analysis  of  unclipped, 
broadband  records  from  very  large  earthquakes  recorded 
both  teleseismically  and  in  the  near  field?  and  tike 
routine  determination  of  moment- tensor  representations  of 
earthquake  sources. 

If  no  steps  are  taken  to  address  the  problems 
identified  in  Chapter  3,  the  situation  is  likely  to 
develop  that  only  the  operators  of  seismograph  stations 
will  have  ready  access  to  the  data  they  record.  Effective 
data  dissemination  to  the  selsmalogical  user  community 
currently  exists  only  for  the  World  Wide  Standardised 
Seismograph  Network  (NN88N)  analog  (film)  data,  and  that 
service  is  threatened  by  escalating  costs,  there  is  no 
comprehensive  directory  of  information  that  describes 
what  data  sets  exist,  who  has  them,  and  how  data  can  be 
obtained.  There  is  no  comprehensive  national  earthquake 
catalog,  and  additional  phase  data  are  not  generally 
available  at  all.  Information  is  fragmented  and  must  be 
obtained  from  many  different  organisations.  Distribution 
of  digital  data  is  limited  because  of  oarrent  policies 
and  procedures  for  dissemination,  combined  with 
significant  direct  or  indirect  costs  to  users. 

These  problems,  coupled  with  the  Defense  Advanced 
Research  Protects  Agency's  (DARPA)  recent  implementation 
of  a  modern  computational  capability  for  aeiano  log  teal 
data  storage,  retrieval,  and  dissemination  to  their 
research  contractors,  have  led  the  Panel  to  conclude  that 

agafeyafeiai.  uttsaiL  Hyundai,  attum  ili 

desirabla  sad. goon Iblo  at  this  time,  a  National  Canter 
that  meets  the  functional  requirements  elaborated  in 
Appendix  r  would  overcome  key  date  management  and 
-dissemination  problems  and  enhance  significantly  the 
availability  of  high-qoallty  data  sots  and  their 
effective  use  by  the  entire  selemologlcal  community. 

Effective  use  of  this  national  data  base  will  require 
the  following  i 

(a)  upgrading  the  present  data 'management 
provide  adequately  for  user  needs. 


systems  to 


(b)  Develop—  nt  of  a  comprehensive  directory  of 
milabl*  data#  data  sources#  quality#  and  formats, 
tognthar  with  a  coaputerised  saarch  capability 
iapleaented  at  a  National  Can tar  and  regional  center a. 

(c)  Development  of  a  comprehensive  catalog  of 
national  and  global  hypocentera,  including  aaaociated 
pbaM  data  for  at  leaat  the  larger  events,  together  with 
a  conputerised  search  capability  iaplenented  at  a 
National  tenter. 

(d)  Standardisation  of  data  fornata  for  the  purpoM 
of  data  exchange. 

(e)  Bstablisfaawnt  of  a  policy  for  data  retention  and 
archiving. 


These  subjects  are  discussed  in  the  text  and 
appropriate  raoo— endstiona  are  given. 

The  principal  recaanendationa  of  the  Panel  are  as 
follows t 


1.  A  National  Center  for  Beiaaolouioal  studies  (NCB8 


mwwM  •  Ml#  Qtptbllltlil  iffofM  by  thil 
center  would  include  real-tine  or  near-real-tine  access 
to  global  and  national  network  recordings  and  rnsots 
terminal  access  to  a  well-organised  Miaaologieal  data 
base.  Suggestions  for  the  funding  and  nanagansnt  of  an 
NCS8  are  given  in  this  report. 

2.  in  calendar  year  19S3  Idle  NBC  Committee  on 
Selenology  should  initiate  steps  to  convene  a  meting  of 
representatives  of  funding  agencies,  user  groups#  and  the 
university  research  ooanunlty  to  discuss  iaplenantation 
and  funding  of  a  National  tenter  tec  selenologies! 

Studies  using  DABPA's  Canter  for  Seianic  Studios  (€88)  as 
its  prototype. 


Other  important  r 


itions  are  as  followsi 


TN—LL®,--.  - 

A*  7  ,rv>TF 

ibed  in  tbs  testy  alternative  tsobniqusa 
for  disseniaatiag  analog  data  should  be  considered  up 
NONA  to  hasp  soar  costs  at  a  minis—. 

4.  Alternative  types  of  Clobal  Digital  Seiaaegraph 
network  (PUSH)  digital  data  subsets  should  be  made 
available  routinely  to  abacs  in  addition  to  the  stands* 
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5.  The  HioMl  MU  Cantor*  should  oentina*  to 
provide  Global  Digital  faianio  Hatwork  data  to  visiting 
researchers. 

4.  Data  free  regional  and  local  network*  should 
continue  to  be  collected*  analysed*  and  archived  by 
individual  network  operators  and  cade  available  in  a 
standard  foraat  to  other  users  directly  or  via  the 
National  Center  or  other  appropriate  regional  data 
centers. 

7.  Strong-notion  digital  data  should  be  archived  and 
distributed  by  the  National  Center. 

8.  at  least  a  subset  of  the  air  Force  Technical 
Application  Center's  Global  Surface  Systen  (GSS)  data  for 
the  larger  earthquakes  should  be  nade  available  for 
general  use. 

*9.  Selected  subeets  of  special  data  collections 
currently  at  teledyne-Geoteeb's  Seiseic  Data  analysis 
Center  (SDAC)  in  Alexandria*  Virginia*  should  be  kept 
indefinitely  as  part  of  an  active*  accessible  national 
seisno logical  data  baaet  these  subsets  should  include 
digital  event  tapes  of  all  an  5.3  and  greater* 
teleseisnie  event  recordings  and  all  a^  3.5  and  above, 
regional  and  local  event  recordings. 

10.  a  centralised  data  directory  should  be  developed 
and  maintained  as  part  of  the  national  aeienolcgioal  data 
base  accessible  to  users  via  computer  terminals,  and 
global  hypocenter  catalogs  abould  be  augmented  with  a 
comprehensive  national  catalog  derived  fron  local  and 
regional  networks  and  associated  phase  data  be  provided 
for  the  larger  events.  These  catalogs  should  be 
available  fron  a  national  facility  that  provides  computer 
search  capability  to  users. 

11.  Naaearob  granting  and  contracting  agencies  should 
plan  allocation  of  approximately  10  percent  of  awarded 
monies  for  management  and  dissemination  of  data  for 
studies  involving  the  acquisition  of  new  data  or  analysis 
of  existing  data. 

12.  The  National  Research  Council's  Committee  on 
Seismology  should  organise  a  workshop  for  the  purpose  of 
establishing  standard  data  exchange  formats  and 
standardisation  of  event  catalogs.  For  the  preeent*  the 
International  Association  of  Seismology  and  Physics  of 
the  Barth's  interior  (XASPBZ)  standards  for  international 
exchange  of  digital  data  should  be  used. 


•This  item  needs  i sms <1  late  action. 


s 


13.  The  National  Naaaarch  Council' a  Caanittae  on 
Selenology  should  assuae  tbs  load  cola  ia  establishing 
overall  policy  foe  the  long-tan  retention  of 
seisaological  data  currently  being  ooUeetedi  it  in 
eaaentiel  that  funding  agencies,  aaaz  oeganiaatiena,  and 
the  university  research  aa— unity  actively  participate  in 
establishing  overall  policy  to  ensure  that  useful  data 
are  not  discarded. 

14.  Because  of  the  rapid  techno  lag  leal  changes  in 
oonputaticnal  and  date-handling  capabilities,  the 
National  hussar  oh  Council's  Connittae  on  Selenology 
should  review  the  status  of  data  pcehlans  ia  seiaoslagy 
on  a  year-to-year  basis  to  enance  effective  van  of 
earthquake  data. ' 


2 


IHTBOOPCTIOM 


BtlMology,  In  cannon  with  nost  of  the  physical  sciences , 
has  entered  the  19S0s  with  increasing  challenges  and 
opportunities  presented  by  advances  in  the  technology  for 
gathering  and  analysing  data.  These  dsvelopaants  have 
resulted  in  a  rigid  increase  of  the  aaounfc  of  data,  a 
shift  in  data  collection  froa  priaarily  analog  to  digital 
recording*  and  the  growing  application  of  advanced 
ooaputsr  technology,  and  they  provide  opportunities  to 
increase  significantly  the  scientific  returns  froa 
eeieaio  data  of  all  typea. 

These  dovelsyesnts  pervade  all  aspects  of  seisaology 
sad  are  apparsat  in  strong  notion  studies i  exploration 
activities)  esatiasatal  sad  aariae  reflection  profiling) 
glshal,  regional,  and  leoal  network  and  array  studies) 
and  lsrga-aaals  global  studies  of  structure,  attenuation, 

has  its  ana  set  ed  specific  data  prohlans.  This  r sport 
la  foanoad  priaarily  an  data  prshlsas  of  the  global 
netanrhe#  national  and  regional  aetusrks,  and  strong- 
nation  shaswettsns.  frshlsas  aaaaoiatsd  with  ae ionic 


in  the  mount  of 
digital  data,  is  hoing  felt  in  nany 
is  particular,  the  increase  in  the 
la  a  eonaegnsnee  of  the  rapid 

of 

eld  and  the 

cf  digital  data  aagsialtien  astheda.  Table 
mm  •  fives  an  indiaatlan  of  the  mount  of 
d  hy  typical  glshal  and  regional  networks  and 
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the  mount  of  storage  capacity  raquirad  to  sasa  these 
data. 

On  a  global  basis  tbs  number  of  countr ies  and  organisa¬ 
tions  currently  engaged  in  digital  eeianic  aonitoring  is 
already  impressive,  and  others  are  moving  rapidly  toward 
digital  recording.  A  joint  NOAA/D8G0  publication. 
Directory  of  world  Digital  Solsalc  Stations  (1982), 
describes  nany  of  the  existing  operations.  8everal 
additional  countries  are  installing  digital  system,  and 
in  others  they  are  planned  or  initiated. 

One  of  the  major  advances  in  observational  seismology 
in  the  predigital  era  was  the  development  and  installation 
of  the  World-Wide  Standardised  Seismograph  network  (WW8SM) 
in  the  early  19C0a.  The  network  waa  installed  with  DARPA 
support  under  the  VILA  OMXfOMI  program  for  fundamental 
studies,  including  those  related  to  the  detection  and 
discrimination  of  nuclear  explosion.  This  network 
succeeded  in  its  primary  goal  of  upgrading  observational 
seismology.  Tor  example,  modern  theories  of  plate 
tectonics  are  rooted  in  global  patterns  in  seismicity  and 
earthquake  focal  mechanisms)  the  observation  of  these 
systematic  patterns  can  be  traced  directly  to  NWSSN 
data.  Global  earthquake  catalogs,  used  in  a  variety  of 
applications  from  earthquake  prediction  to  tectonic 
studies  and  seismic  risk  analysis,  have  relied  heavily  on 
wmssw  data.  Our  knowledge  of  the  internal  structure  of 
the  Barth  has  also  been  advanced  significantly  by  studies 
using  WW88B  data.  Because  of  the  widespread  use  of  these 
data  and  the  operation  of  stations  by  many  university 
groups,  the  WW8SM  has  also  played  an  important  role  in 
the  education  and  training  of  seismologists,  both  in  the 
united  States  and  internationally. 

The  primary  reasons  for  the  outstanding  success  of  the 
WN88N  are  inherent  in  its  titles  it  is  worldwide, 
providing  global  coverage)  it  uses  a  standardised  set  of 
instruments,  providing  uniform  responses  at  all  stationa) 
and  it  is  a  coordinated  network,  with  a  successful 
mechanism  for  data  collection  and  distribution  through 
the  National  geophysical  Data  Center.  Out  challenge  as 
we  enter  the  era  of  digital  seismology  is  to  repeat  these 
successes  of  the  WM8SN,  while  caking  advantage  of  the 
enhanced  quality  and  resolution  of  digital  data. 

The  sensors  used  la  the  WNBdB  incorporated  state-of- 
the-art  ae  lame  try  of  that  time  (circa  1980).  The 
instrumentation  selected  followed  a  careful  consideration 
of  the  available  technology  and  anticipated  uses  of  dn 
data.  The  wisdom  of  the  choices  made  is  reflected  in  the 


continued  viability  of  these  stations  today.  However , 
because  of  the  limitations  iaposed  by  the  photographic 
recording  medium,  the  WSSM  observations  are  limited  in 
both  frequency  and  dynamic  range.  The  WNSSM  data  have 
been  moot  useful  in  those  studies  that  require  measure¬ 
ments  of  time  and  amplitude  of  particular  phases,  e.g. , 
hypocenter  location,  magnitude  determinations,  fault- 
plane  solutions,  and  velocity  structure.  They  have  been 
used  considerably  less  in  detailed  waveform  and  spectral 
analysis  because  of  the  necessity  that  they  first  be 
converted  to  digital  fora.  Some  of  the  long-period 
records  have  been  successfully  digitised  by  hand  (a 
tedious  and  time-consuming  process,  with  limited  spectral 
resolution)  for  more-detailed  waveform  Mid  spectral 
analyses!  the  short-period  data  have  seen  sore  limited 
use  in  waveform  and  spectral  studies,  because  of  the 
difficulties  in  digitisation  from  the  coepr eased  time 
scalo  of  the  photographic  records. 

Recent  developments  in  sensor  technology  (especially 
feedback  seiaenemters) ,  coupled  with  stable,  broadband 
amplifiers  and  digital  recording  and  playback  methods, 
now  provide  the  technological  capability  to  record  and 
analyse  ground  motion  with  high  fidelity  over  a  broad 
frequency  and  amplitude  range.  In  a  frequency  band 
spanning  many  orders  of  magnitude,  from  periods  of 
thousands  of  seconds  to  frequMieies  of  hundreds  of  harts, 
there  are  no  longer  My  technical  limitations  in 
detecting  and  recording  ground  notion  ranging  in 
amplitude  from  background  moiae  at  the  quietest  sites  to 
the  strong  motions  produced  in  the  near  field  by  large 
earthquakes,  as  discussed  elsewhere  in  this  report,  the 
major  problems  now  lie  in  determining  what  data  will  be 
oollected,  how  much  will  be  archived,  and  bow  data  will 
be  distributed  to  users  (i.e.,  date-management  policies 
and  procedures)  and  f undine  of  dete-nanauensnt  and 
-distribution  activities,  while  full  advantage  of  these 
new  technologies  has  not  yet  been  taken  in  many  areas  of 
seismology,  the  emerging  tap lamentation  of  digital 
recording,  especially  in  teleselsmio  and  near-field 
already  points  to  the  scientific  advent 


gained  from  the  uae  of  high-resolution  data  (see  fUtl 


In  this  report  we  deal  only  peripherally  with 
questions  of  instr mentation  for  primary  data  collection 
(seismograph  systems) .  These  instrumentation  issues  are 
discussed  at  length  in  the  network  reports  listed  above 
and  (except  for  regional  networks*  which  are  discussed 
briefly  below)  excellent  prototype  seismographic  systems 
with  broadband  digital  recording  are  already  available, 
we  also  have  not  eaphasised  the  computer  hardware  to  be 
used  in  accessing  the  data  base*  nor  have  we  considered 
in  detail  the  computer  facilities  required  for  extensive 
computational  studies  using  the  data.  In  these  areas* 
technology  is  developing  rapidly  in  response  to  dementis 
from  a  wide  variety  of  scientific  and  nonacientific 
users*  and  the  data  volumes  anticipated  in  seiamology  do 
not  appear  to  present  any  significant  technological 
problems  that  will  not  be  satisfied  by  the  advancing 
state  of  the  art.  Here*  as  with  seismographic  instru¬ 
mentation*  our  problems  lie  not  in  encouraging  the 
development  of  new  technologies  bat  in  ensuring  that 
modern  facilities  are  made  available  to  the  seisno logical 
community  and  used  wisely.  This  will  require  adequate 
funding  and  good  data  men eg ament  policies  and  procedures. 

To  realise  fully  the  potential  scientific  returns  in 
seismology  requires  that  high-quality  data  not  only  be 
gathered  but  also  effectively  disseminated  to  a  wide  uaer 
community  concerned  with  both  basic  research  and 


applications  of  seismic  data,  this  report  is  addressed 
primarily  to  the  problems  of  data  management  in  seismology 
because  of  shortcomings  1ft  the  present  data-baodllna  and 
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INTRODUCTION 

It  is  convenient  to  characterise  earthquake  data  sources 
by  function  into  naar-fiald  ot  strong-notion  raoordings 
and  far-f ield  or  network  raoordings.  Network  data  nay  be 
further  categorised  by  areal  extant  into  local,  regional, 
national,  and  global  scales.  Ideally,  each  data  source 
is  described  by  a  station  catalog  listing  the  position 
and  operating  characteristics  of  each  receiver  as  a 
function  of  tine.  Bach  data  source  produces  raw  data 
recorded  in  analog  and/or  digital  for eat.  Routinely, 
phase  arrival  tines  and  aaplltudes  or  event  durations  are 
derived  fron  raw  network  data,  and  event  hypooentral 
locations,  origin  tines,  and  nagnltudes  ere  derived  fron 
these  phase  data. 

In  general,  the  success  of  efforts  to  provide  station 
catalogs,  event  catalogs,  event-associated  phase  data, 
and  raw  data  to  other  users  reflects  both  the  naturity  of 
a  particular  data  source  and  the  national  perception  over 
the  past  several  decades  of  its  social  relevance.  Thus, 
the  distribution  of  strong-notion  data  is  relatively  well 
developed  because  of  its  relevance  to  lifesaving 
earthquake-resistant  building  design  and  because  the  data 
volune  is  snail.  Riallarly,  global  network  data 
distribution  is  batter  developed  than  that  for  regional 
or  local  networks  because  of  its  applicability  to  a  wide 
range  of  selaaologleal  and  tectonic  scientific  problens 
and  to  practical  issues  such  as  nonitocing  nuclear 
explosions  and  assessntnts  of  ssisnie  risk  over  large 
areas.  Mis  scalier  networks  tend  to  be  of  sere 
specialised  interest  and  United  in  lifetins,  resulting 
in  little  or  no  distribution  of  data  to  secondary  users. 
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The  distribution  of  analog  recordings  is  better 
developed  than  that  for  digital  data  for  several 
reasons.  The  latter  is  based  on  new  technology  and  have 
been  less  readily  available  for  perusals  many  data  users 
have  liaited  familiarity  with  the  use  of  digital  data  and 
commonly  lack  facilities  for  exploiting  digital  analysis 
techniques  in  their  research.  The  following  discussion 
focuses  priaarily  on  the  status  and  problems  with  global 
and  national  network  data  and  strong -action  data. 


DATA  SOURCES 

The  Global  Seisaic  Network  (GSN)  was  developed  by  the 
Defense  Advanced  Research  Projects  Agency  (DARFA)  in  a 
series  of  successive  projects,  and  it  is  currently 
operated  by  the  OSGS.  The  oldest  component,  the  MWSSM, 
had  an  intended  sise  of  125  stations.  About  105  stations 
were  installed  in  the  early  1960s,  and  96  are  still 
operating.  These  stations  feature  analog  recording  of 
three-coaponent  long-period  f 15-sec  peak  period)  and 
tbree-caaponent  short-period  f*  1-sec  peak  period) 
instruments.  In  the  late  1960s  and  early  1970s,  the  GSN 
was  augmented  with  10  digitally  recorded  high-pain 
long-period  (B6LP)  instruments  featuring  three-coaponent 
long-period  data  saapled  at  a  rate  of  one  sample  per 
second  (sps) .  During  the  mid-1970s  12  Seisaic  Research 
Observatories  (SROs)  were  added.  Borehole,  force-balance 
instruments  in  the  SROs  feature  digital  recording  of 
three-coaponent  long-period  data  saapled  at  1  spe  and 
vertical  component  short-period  data  at  20  sps.  In  the 
late  1970s,  a  short-period  vertical  component  sensor  was 
added  to  five  of  the  KLH,  which  were  upgraded  to  an 
SRO-conpatible  recording  systea  and  dubbed  Abbreviated 
Seisaic  Research  Observatories  (AMDs).  The  other  KLP 
stations  were  closed,  in  the  early  1980s,  14  of  the 
WN88N  stations  were  upgraded  to  digital  recording  and 
renamed  Digital  world  Wide  Standardised  Seiaaograph 
Network  (BNNSSN)  stations.  The  ONWSSWs  feature 
three-coaponent  long-  and  intermediate-  period  channels 
saapled  at  1  spa  and  10  sps,  respectively, 
and  a  vertical  component  short-period  channel  saapled  at 
20  sps.  the  SROs,  ASMS,  and  ONNSSRs  are  collectively 
referred  to  as  the  Global  Digital  Seismograph  Network 
(GDSN) .  All  G0GN  stations  feature  oentiaeous  recording 
of  long-period  oh  amnia  and  field  event-triggering  to 
record  elgnale  from  short-  and  lnternediate-per iod 
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channels.  The  GD6N  is  complemented  by  the  International 
Deployment  of  Accelerometers  (IDA)  operated  by  the 
University  of  California  at  San  Diego.  The  17 
force- balance  gravimeters  in  this  global  network  supply 
digitally  recorded,  vertical-component  information  at 
periods  longer  than  60  sec,  sampled  every  10  sec. 

Several  new  networks  are  being  added  to  the  GD6N.  The 
instruments  feature  borehole  force-balance  operation, 
real-time  satellite  telemetry,  and  three  components  in 
each  of  three  period  bands  all  continuously  digitally 
recorded  at  rates  of  1,  4,  and  40  sps  for  long-, 
intermediate-,  and  short-period  bands,  respectively.  A 
five-station  North  American  network  of  such  stations, 
known  as  the  Regional  Seismic  Test  Network  (RSTN) 
operated  by  Sandia  National  Laboratories  is  already  in 
operation.  A  subset  of  these  continuous  data  (with 
laboratory  event- triggered  short-  and  intermediate-period 
channels)  is  currently  being  included  on  the  network-day 
tapes  (NDTs).  Another  similar  network,  known  as  the 
Global  Telemetered  Seismic  Network  (GTSN) ,  is  now  being 
planned  by  the  U3G6.  It  will  consist  of  17  stations  in 
the  southern  portion  of  the  western  hemisphere.  These  17 
new  stations  will  represent  s  significant  increase  in  the 
GDSN  data  volume  that  will  require  substantial  increases 
in  the  level  of  effort  required  for  effective  archiving 
and  distribution.  In  turn,  costs  to  users  will  be 
significantly  increased  if  the  smallest  unit  of  data  that 
can  be  obtained  continues  to  be  a  network  day  (26  hours 
of  data  for  all  stations) .  Appendix  I  describes  new 
global  data  collection  activities  of  the  Air  Porce 
Technical  Applications  Center  (AFTAC)  utilising  similar 
i nstr  (Mentation . 

There  is  currently  no  national  seismic  network. 
However,  by  telemetering  about  60  short-period  vertical 
signals  from  existing  observatories  in  the  continental 
United  States  and  Alaska  to  Golden,  Colorado,  the  08G8 
has  created  what  is  de  facto  a  rudimentary  national 
network.  The  data  produced  are  digitally  recorded  at  20 
sps  for  use  by  the  National  Earthquake  Information 
Service  (MS IS)  of  the  U808.  Because  these  are  narrow¬ 
band  and  low-dynamio-range  data,  no  effort  has  been  made 
to  distribute  thsm  to  secondary  users.  However,  the 
Panel  believes  there  is  a  possibility  of  establishing 
selected  bigh-dynamic-range ,  broadband  regional  network 
stations  that  together  with  existing  OSN  stations 
(including  RSTN)  would  form  a  national  network  of  high 
quality. 
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There  are  numerous  regional  and  local  networks  through- 
out  the  United  States.  They  are  typically  operated  by 
university  personnel  and  funded  by  either  the  USGS  or  the 
Huclear  Regulatory  Commission  (NRC) .  in  aggregate ,  they 
comprise  about  1,600  stations,  of  which  about  half  are 
digitally  recorded  (event  windows)  at  rates  of  50-250 
sps.  For  the  most  part,  the  instrumentation  is  vertical- 
component  only,  narrow  band,  and  low  dynamic  range, 
although  there  are  ah  increasing  number  of  broadband, 
high-dynamic-range,  three-component  stations.  These 
networks  are  used  mainly  to  measure  arrival  times,  signal 
durations,  and  amplitudes  of  microearthquakes  for 
earthquake-hazard-reduction  research.  The  chief  products 
of  these  networks  usually  consist  of  an  event  catalog  and 
associated  seismicity  maps. 

Although  some  of  the  larger  networks  share  common 
hardware  and  software,  there  are  many  data  formats 
extant.  There  is  little  data  exchange  at  present  and 
then  only  on  an  informal  basis.  There  is  no  comprehensive 
catalog  of  stations  and  events  for  these  networks.  Thus 
potential  users  cannot  easily  determine  whether 
appropriate  data  even  exist  for  their  problems. 

Irreplaceable  data  from  many  limited-duration  station 
deployments  have  been  gathered  during  the  past  35  years 
and  now  are  in  danger  of  being  lost  forever  unless 
immediate  action  is  taken.  Millions  of  dollars  have  been 
spent  on  collecting  these  special  research  data  sets  from 
networks  such  as  the  national  network  of  temporary 
stations,  which  comprises  the  bong  Range  Seismic  Monitor¬ 
ing  (LRSM)  network  and  permanent  observatories  for 
nuclear  test  ban  monitoring  that  were  in  place  in  the 
late  1960s  and  the  early  1970s;  the  HGLP  network;  the 
Seismic  Data  Collection  System  (8DC8);  and  from  special- 
purpose  reaearob  arrays  such  as  the  Large  Aperature 
Seismic  Array  (USA)  and  the  Alaskan  Long  Period  Array 
(ALPA) .  To  the  present,  Teledyne-Geotech's  Seismic  Data 
Analysis  Center  in  Alexandria,  Virginia,  has  archived 
these  analog  and  digital  data,  but  the  operation  of  that 
facility  is  scheduled  to  terminate  on  October  1,  1983. 
Large  subsets  from  these  data  should  be  archived 
IndfSMSflr 

future  seiamoloalc  studies.  To  do  this  effectively  will 
require  a  policy  for  data  retention  for  all  earthquake 
seissdc  data,  since  none  exists  at  present,  and  the 
assignment  of  organisational  responsibility  *or  the 
preparation  the  data  subsets  selected  for  archiving. 
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Tha  National  Strong-Motion  prograa  baa  two  components: 
(a)  the  National  Soianca  Foundation  is  rasponsibla  for 
tha  rasaareb  prograa*  and  (b)  tba  TOGS  oparatas  and 
aanagas  tba  strong-aotion  networks*  including  data 
handling.  An  extensive  body  of  strong-aotion  data  baa 
bean  collected  under  this  prograa  and  organised  into  a 
data  base  that  includes  both  analog  and  digital  waveforas. 
A  strong-aotion  instruaantation  prograa  is  operated  by 
tba  state  of  California*  and  selected  data  from  this 
progrsa  should  be  included  in  a  national  data  base.  Sosa 
arrangement  should  be  aade  for  getting  strong-aotion  data 
routinely  on  a  global  basis.  The  details  of  these 
strong-aotion  data  collection  systaam  are  summarised  in 
the  reports  entitled  Strong-Motion  Earthquake  Instrument 
Arrays  (1978)  and  0.8.  Strong-Motion  BarthOMeke 
Instrumentation  (1981) . 


DATA  ARCHIVING  AMD  DISTRIBUTION 

Since  its  beginning  in  1961*  more  than  5  million  original 
tmssM  analog  records  have  been  copied  and  60  million 
copies  supplied  to  users.  Currently*  there  are  several 
hundred  requests  per  year  for  seismogram  microfiche. 
Originally*  the  seismograms  were  filmed  cm  specially 
designed  70-ms  panoramic  cameras  at  8s  reduction,  in 
1978  filming  was  changed  to  pet  :«  images  («  days  of 
normal  operation)  on  a  single  165-sn  microfiche  at  32s 
reduction.  Standing  orders  of  the  whole  network  have 
been  purchased  by  eight  institutions  (Lamont-Doherty 
Geological  Observatory i  Institute  of  Geological  Sciences, 
Edinburgh*  U.E.?  University  of  Tokyo?  California  institute 
of  Technology?  Massachusetts  Institute  of  Technology; 
OSGS/Menlo  Park?  OSGS/Oolden?  National  Geophysical  oats 
Center  (NGDC)  ] *  and  substantial  parts  of  the  network  have 
been  supplied  to  five  institutions  (University  erf  Tanas/ 
Galveston?  Cornell  University?  University  of  Otago  (Mew 
Iceland)?  boa  Memos  National  laboratory ;  usos/ 
Albuquerque) . 

The  MNMM  network  data  are  augmented  by  ooples  of  the 
visible  (analog)  records  from  the  AMMO  (5)  and  MO  (12) 
networks*  from  the  Canadian  network  on  )Ha  film  sinoe 
1966*  and  from  the  People's  Bapubllo  of  China  sinoe 
1979.  barge  magnitude  or  seismologioally  iaportant 
earthquakes  from  several  hundred  additionel  stations  * 
including  those  of  tha  Union  of  Soviet  Social  1st 
Republics*  are  provided  under  the  International  Data 
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Exchange  ( IDS)  agreement.  Also,  selected  historical 
analog  aeiaaograas  are  being  filmed  under  a  joint 
O8GS/80AA  project. 

This  analog  data  distribution  system  is  opsrating 
primarily  with  contract  labor  and  with  about  •  weeks 
being  required  Cor  the  cycle  from  receipt  of  original 
records  to  supplying  of  copies  to  ussrs.  Fifty  percent 
of  the  network  data  is  generally  available  for  distribu¬ 
tion  within  8  months  after  the  recording  interval.  The 
archival  film  copy  is  made  at  NOAA  expense*  with  the  cost 
of  each  additional  copy  being  borne  by  the  user*  which  is 
a  direct  reflection  of  the  policy  of  the  0.8.  Department 
of  Commerce.  Present  costs  to  users  have  increased 
significantly  for  same  services*  which  poses  a  barrier  to 
continued  wide  use  of  these  analog  data. 

NOAA  has  compiled  station  catalogs  of  QM  stations  and 
historical  stations  (both  0.8.  and  foreign)  on  hardoopy. 
The  0SG8  maintains,  in  a  computer  data  base*  a  current 
station  catalog  of  0.8.  and  foreign  stations  that 
contribute  derived  phase  data  to  the  88X8*  but  it  is  not 
currently  available  to  secondary  data  users.  The  8818 
collects  phase  arrivals  and  amplitudss  from  same  2*000 
contributing  stations  by  telex  and  airmail  letter.  Some 
500,000  of  these  data  per  year  are  culled,  associated* 
and  used  to  locate  5*000  to  5*000  earthquakes.  Earthquake 
bulletins  (hardoopy)  are  prepared  and  distributed  fay  the 
osos.  Event  lists  are  also  msrged  into  a  MOAA  catalog 
for  distribution  on  both  hardoopy  and  oonputer-oaapatible 
media.  Xn  addition*  a  catalog  of  historical  0.8. 
earthquakes  is  being  compiled  by  the  0808.  Associated 
phase  data  are  distributed  only  on  hardoopy  listings  and 
even  that  distribution  is  limitsd.  Both  of  these 
limitations  constitute  a  major  shortcoming  of  the  present 
date-management  procedures. 

since  1975*  0088  data  have  been  collated  into  SDTs 
first  in  a  raw  binary  format  by  DAEPA  and  since  1980  by 
the  0808  in  a  binary  format  with  American  national 
Standard  Code  for  Information  interchange  (A8CXX)  headers 
(including  considerable  information  about  station 
operating  characteristics) .  saw  station  tapes  containing 
about  14  days  of  data  and  operator  lops  covering  the  same 
time  period  are  ool looted  from  eaoh  station  in  tha  0088 
by  the  Albuquerque  Seismologioel  Laboratory  (A8L)  of  the 
0808.  Station-channel  headers  incorporating  tbs  log 
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for  each  day.  Finally*  all 
data  for  eaoh  day  are 
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as  a  fila  on  tbs  taps.  Tbs  MDTs  ars  nds  available  to 
users  approx ljsatsly  12  weeks  after  tbs  data  ace  initially 
rsoordsd.  This  operation  is  also  plagued  by  rapid  oost 
incrsssss  due  to  increases  in  tbs  coat  of  personnel  and 
aaterials  and  because  of  tbs  rapid  growth  in  tbs  also  of 
tbs  GD8M.  Further,  tbs  GUM  is  already  in  ianinent 
danger  of  saturating  available  ooeputer  resources, 
necessitating  a  considerable  investment  in  new  ocaputer 
hardware.  To  date,  all  costs  of  generating  the  Nffs  have 
been  borne  by  tbs  D8GS  as  a  servioe  to  tbs  user 
oonnunity.  The  MDTs  are  currently  archived  by  tbe  0868 
and  along  with  ZDft  data  tapes  are  archived  by  MGDC  for 
distribution  of  copies  to  users. 

There  are  a  nuaber  of  difficulties  with  tbe  GSM  data 
collection,  archiving,  and  distribution.  Although  tbe 
analog  data  handling  and  distribution  is  snootb  and 
effective,  this  operation  is  necessarily  labor-intensive, 
resulting  in  high  costs  that  have  chronically  threatened 
its  continued  existence,  of  tbe  catalog  data,  only  tbe 
event  catalog  nay  be  ooeputer  searched  at  present,  and 
each  user  suet  supply  his  own  search  software  or  request 
a  search  by  MGDC,  which  necessarily  involves  sons  delay 
in  receiving  tbe  desired  event  intonation.  The  digital 
data  distribution  problen  is  tbe  nost  severe  of  all. 

These  data  are  available  only  in  iaoreamnts  of  one  day 
(network  day  tapes)  at  #180  per  tape.  Coupled  with 
alternative  naans  of  acquiring  MDTs  this  has  represented 
a  significant  barrier  for  users  (especially  university 
researchers) ,  resulting  in  low  dsnand  at  MGDC. 

To  illustrate  the  nature  of  this  barrier,  a  typical 
university  study  of  the  nature  of  earthquake  source 
aechaniaaa  that  characterise  a  seismic  area  of  interest 
reasonably  would  involve  at  least  20  earthquakes, 
resulting  in  a  oost  of  $2,000  for  20  network-day  tapes. 

The  researcher  nest  then  preprooesa  these  20  full  tapes 
to  extract  the  event  windows  of  interest)  thus  substantial 
additional  costs  are  likely  to  be  incurred  before  any 
data  analysis  is  done.  Xa  practise,  users  have  acquired 
ODOM  data  infernally,  essentially  at  no  oost,  from  dampa 
and  tbe  0008.  in  an  effort  to  alleviate  tills  situation 
and  encourage  tbe  use  of  GOON  data,  tbs  WOO  recently 
established  three  regional  ousters  that  have  acquired 
ooaplete  sets  of  MDTs  (at  nsdia  cost).  It  is  understood 
that  visiters  nay  ms  regional  ess  ter  facilities  to  copy 
MDTs  on  the  sane  nsdia  cost  basis.  Mswever,  this  has 
only  partly  alleviated  the  east  problem,  because  travel 
costs  ace  incurred  aad  tbe  nunbec  of  tapes  that  oust  be 
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obtained  and  preprooesaed  by  the  uaer  remains  tha  um. 
Tbaaa  coat- induced  barriers  will  oontinoa  to  ensure 
excessively  high  per-user  ooat  of  aoqoiring  and  utilising 
GSM  data,  unlaaa  alternative  naans  of  distribution  ara 
implemented. 

Tbaaa  distribution  problaas  raiaa  aarioua  questions  of 
bow  effective  distribution  at  affordable  ooata  can  ba 
achieved  and  which  organisation  should  ultimately  ba 
responsible  for  distributing  GD6M  data.  This  whole 
situation  will  ba  further  exacerbated  by  tha  impending 
addition  to  tha  GDSH  of  several  new  networks  representing 
a  new  generation  of  technology,  as  discussed  earlier, 
vary  soon  a  network  day  will  not  fit  on  a  single  1400  bpi 
9-track  magnetic  tape. 

The  national  strong-motion  program  is  funded  and 
managed  by  the  USGS  from  Menlo  Park,  California.  Svent- 
recording  catalogs  have  been  compiled  and  made  available 
to  users  via  on-sits  and  remote  interactive  aooess  too  a 
relational  data-base  manager.  Original  analog  film 
recordings  from  ths  western  hemisphere  are  archived  in 
Menlo  Park,  California,  and  derived  digitised  waveform 
are  available  from  MGDC.  However,  because  of  a  constant 
state  of  flux  in  the  WM  computing  environment  and  a 
shortage  of  date-handling  resources,  it  has  been 
difficult  to  maintain  accessibility  to  the  strong-motion 
data  base  to  mast  the  needs  of  the  engineering  oommunlty 
or  even  to  keep  it  current.  To  ensure  its  viability  in 
the  future,  this  invaluable  and  already  highly  organised 
data  resource  needs  to  be  housed  and  managed  in  earn  more 
stable,  central,  national  earthquake  data  archiving  and 
distribution  facility  where  it  can  be  maintained  in  a 
readily  accessible  form  for  users. 


A  PMOTOWPH  NATIONAL  CXMTER  PON  8XI8N0L0GICAL  8T0DXSS 

An  item  of  immediate  importance,  with  long-term  implica¬ 
tions  for  the  future  of  seismology,  and  specifically  for 
overcoming  many  of  the  data  problem  discussed  above,  is 
the  current  development  by  MiM  of  the  Center  for 
Seismic  Studies  (CSS),  recently  established  in  Hosslyn, 
Virginia.  Appendix  D  describes  this  facility  mere 
fully.  Mben  completed  la  1984,  the  Center  will  include 
state-of-the-art  ocnputational  and  data-meaagement 
capabilities  designed  for  selsmologloal  applications  and 
research,  a  small  resident  research  staff,  and  provision 
for  visiting  scientists  working  on  BMM  research 
program  in  test  ban  treaty  verification. 
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To  support  BMP*  objectives,  data  are  being  collected 
fron  a  variety  of  sources  through  several  types  of  data 
links.  These  range  fran  ROTS  date  received  via  a 
satellite  Barth  station  located  at  the  Center  to 
alphanumeric  data  received  via  the  World  Meteorological 
Organisation's  (MMO)  Global  Telecommunications  system. 
G08M  and  other  data  are  received  on  tape.  At  various 
tines  special  e— eriments  will  be  conducted  as  part  of 
the  United  Nations  Coaaittee  on  Pisarnansnt  Group  of 
Scientific  Experts  activities  and  will  include  national 
and  international  data  exchange. 

As  currently  conceived,  this  facility  is  developing 
nany  of  the  capabilities  desired  for  general  seiaanlogical 
data  nanagenent  and  distribution.  The  seisaic  data  base 
will  consist  of  basic  event  information  (such  as  station 
phase  and  amplitude  readings,  hypooentral  locations, 
magnitude,  and  other  source  characteristics)  and  recorded 
Signals,  consisting  of  event  waveforms,  some  available  as 
the  events  occur,  but  others,  such  as  GOBM  day  tapes, 
delayed  by  weeks  to  months.  A  variety  of  analysis 
software  is  also  being  developed  and  implemented  to 
provide  routine  user  computational  services. 

In  addition,  reante  user  access  to  the  Center  is  being 
developed  by  DARPA  in  the  fora  of  relatively  inexpensive 
(830,000  to  $50,000  each)  Demote  Seismic  Terminal  I ROT) 
work  stations.  These  terminals  will  be  capable  of 
storing  and  displaying  a  significant  asnunt  of  event 
information  and  waveform  data*  powerful  local  processing 
functions  can  also  be  carried  out  on  the  ROTs.  Designing 
interfaces  with  many  other  remote  user  systems  should  be 
reasonably  straightforward  as  well. 

The  Center  will  be  accessible  vU  the  ARPAMR,  Tymnet, 
dial-up,  the  ROTs,  and,  in  a  few. cases,  dedicated  lines. 
Through  these  means,  DARPA  researchers  will  have  access 
to  both  the  data  and  computing  resources.  These  resources 
will  include  two  Digital  Shipment  Corporation  (OK)  VAX 
11/780  computers  and  three  BBC  POP  11 /44s  linked  by  a 
high  speed  (10-MU)  local  network.  Analysis  any  be 
carried  out  on  various  Interactive  graphics  terminals. 

The  Center  has  baaa  designed  to  be  as  flexible  and 
aooessible  to  researchers  as  possible. 

1  —ill  aasber  of  researchers  have  already  begun  —lag 
the  C88  oeapeting  and  date-handling  resources  on  a  trial 
basis  to  help  to  evaluate  it  and  to  nnnmmiiil  iapeewenamts 
to  the  system  —  development  continues.  Beginning  in 

al  year  19M,  the  Center  expects  to  support  mace 
extensive  use  of  the  facilities  by  DARPA-sponsored 


researchers.  Ififchia  at  aoat  a  Caw  years  Mm  spsratinasl 
responsibility  foe  Mm  Canter  la  glanaod  ta  bo  paaaaC  ba 
mm  otbar  organisation.  Mm  Caatac  waald  Mmb  ba 
jointly  (»M  by  SUM,  tba  operating  organisation,  aad 
otbar  uaar  agencies. 

Mm  panal  views  tba  dsvelsgaaat  of  Mm  CM  aa  a 
significant  opportunity  to  boaaflt  t— ediakely  fraa  Mm 
rapid  advances  in  oaapatar  to obaology  aad  data-haas 
aanagaasnt  that  have  profoaadly  lanraaead  digital  data 
storage,  retrieval,  aad  aaalyala  capabilities  Car lag  Mm 
paat  daoada.  Otbar  BMH  sponsored  af forts  ia  tba  goat 
bava  lad  to  aajoc  aoiaaologioal  advaaoaat  aobowartby 
sxaaples  arc  tba  MM  aad  fila  chip  data  diatribatiaa  la 
tba  IMOs  and  tba  new  MM  global  digital  network  with 
standard  network-day  tape  data  distributioo.  taper iaaoa 
with  this  advanced  systaa  at  tba  Center  will  ba 
aaoaodiagly  i^ortant  to  tba  devolopaaat  of  intaraadlata- 
and  long-torn  capabilities  aaadad  by  tba  aaiaswlogloal 
ooaaunity  for  raaaaroh  and  opplioationa  in  tba  digital 
era. 


Mm  above  discussion  of  tba  currant  status  of  eeisno- 
grapbio  network  data  handling  includes  problsns  of 
operations  and  data  nanaganant.  Specifically  tba 
problsns  that  now  seriously  Unit  or  threaten  to  linit 
the  effective  use  of  earthquake  seisnie  data  are  the 
followings 

1.  A  comprehensive  directory  of  information  on 
aartbqnnko  data  sources  does  not  asiat  in  hard-copy  or 
caaputar-aooaMibla  fora.  Msus,  for  potential  veer*  it 
ooanonly  requires  a  t ins-con saaing ,  laborious  effort  just 
to  da  tar  nine  what  relevant  data  f&ehf  exist,  where  they 
are  archived,  and  bow  they  con  bo  acquired  and  ia  abnt 
tons  or  fornata.  Msis  situation  is  esaoerbated  by  rapid 
ineroaaao  in  data  volant,  changing  station  distribution, 
and  a  steady  transition  to  digital  raoardiag . 

2.  Mmts  does  not  exist  a  oeaprebanaive  catalog  of 
global  and  national  hypooonters  with  aasaalatod  phase 
data.  Ivon  tba  United  data  that  salat  are  naialy 
distributed  ia  hard  copy  fora.  Dirset  oaaputar  aooasa  to 
soob  data  by  users  ia  aeverely  United  or  iapeoaible  at 
proaaat. 
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2.  Dm  I— iltp  nd  distribution  of  Global  Seismic 
network  snsleg  dots  is  well  rim  by  tbs  N8DC  personnel, 
hot  esiissk  Bspactssst  of  roams;  cn  policy  requires  tbet 
nepylag  eai  distribution  of  seismograms  be  charged  to  tbs 
users  of  tbs  dots*  end  these  ooets  base  already  increased 
•o  greetly  that  tbs  continuation  of  the  present  data 
services  at  affordable  costa  to  users  is  seriously 
threetensd. 

4.  Incept  for  tbs  OOdM  network-day  tapes,  there  are 
no  standard  forests  for  diqital  data  exchange.  Because 
of  tbs  variety  of  formats  used  for  recording  and  archiving 
data  auoof  the  past  and  current  seiaaic  data-oollect ion 
operations,  direct  exchange  of  data  is  exceedingly  cumber- 
scsM  and  difficult.  There  needs  to  be  a  standardisation 
of  national  and  international  date-exchange  foraata  for 
global,  regional,  and  local  networks. 

5.  Because  the  operation  of  ssuiller  regional  and  local 
networks  is  focused  on  seiaaic  probleas  of  specialised 
interest,  there  is  little  or  no  distribution  of  data  to 
secondary  users  and  there  is  no  standard  exchange  foraat. 
Because  of  Halted  funding,  these  network  data  coaaonly 
are  not  archived  in  a  readily  accessible  fora  for 
distribution.  There  is  also  no  readily  available  central 
directory  of  infomation  on  the  events  recorded  or  even 
on  the  station  locations  and  instrumentation  that  sake  up 
these  networks. 

C.  The  extensive  data  base  of  high-quality  strong- 
notion  data  is  not  adequately  available  to  users  as  it 
would  be  if  the  strong-notion  data  were  part  of  a 
national  selanological  data  base  boused  in  a  stable, 
national  earthquake  data  archiving  and  distribution 
facility. 

7.  Because  of  Department  of  Cconsrce  cost-recovery 
policies  and  a  low  Initial  deuand,  network-day  tapes  of 
the  Otni  have  been  priced  by  the  MBDC  at  2100  per  tape 
copy.  Because  the  network-day  tape  is  the  scaliest 
increment  of  dots  currently  available,  the  user  typically 
oust  obtain  (and  pceprooess)  many  network-day  tapes  just 
to  obtain  the  event  data  of  interest;  these  event  data 
usually  occupy  only  a  small  fraction  of  the  tapes  that 
must  be  acquired,  the  high  ooets  have  resulted  in 
network-day  tapes  being  obtained  by  users,  with  less 
convenience  bat  essentially  at  no  cost,  on  user-supplied 
tapes  from  BUM,  the  0MB,  and  at  four  regional 
centers.  Organisational  responsibility  for  distributing 
the  mm  data  is  fragmented  and  unsettled,  and  it  needs 
to  be  determined  now,  under  the  condition  that  standard 
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types  of  digital  data  subaata  auat  ba  readily  available 
to  uaera  at  low  coat. 

8.  New  digital  data  fron  atationa  currently  being 
eatabliabed  will  aoon  reault  in  a  aignifieant  increaae  in 
the  voluae  of  digital  data  to  be  handled.  Thia  will 
require  a  substantial  increaae  in  the  level  of  effort  for 
data  handling  and  distribution.  Facilities  need  to  be 
augmented  to  nonage  these  data  so  that  they  can  be  used 
effectively  by  governaent  agencies  and  the  scientific 
coaaunity  in  general.  Planning  is  needed  now  to  establish 
an  effective  data-bandling  systea  that  can  aoooaaodate 
the  growth  in  the  volune  of  data  recorded  and  provide 
desired  data  to  users  in  unit  mounts  other  than  the 
preient  26-hour  network-day  tape. 

9.  There  is  a  need  for  a  policy  for  data  retention  for 
all  earthquake  seisaic  data,  with  an  organised  prograa  to 
prepare  the  selected  data  sets  for  leng-tera  archiving. 
This  problea  is  Isas diets  and  acute  for  the  high-quality 
special  data  basea  acquired  by  the  LMM,  LAM,  ALFA,  BGLP, 
8 DCS,  and  other  network  or  array  operations  of  the  past 

35  years  that  are  currently  archived  at  Teledyne-Geotech 's 
Seisaic  Data  Analysis  Center  in  Alexandria,  Virginia. 

Thia  facility  is  scheduled  to  be  closed  at  the  beginning 

of  fiscal  year  1984.  laBfdlate  .Aptfoo  is 

assure  that  this  invaluable  data  source  is  preserved. 

10.  file  developasnt  by  QMtPA  of  the  Center  for  Seisaic 
Studies,  a  state-of-the-art  data  analysis  and  eeieaic 
data-base  aanageaent  facility,  represents  siaultaneously 

a  problea  and  an  opportunity.  The  problea  is  that  once 
fully  developed  and  evaluated,  the  facility  is  to  be 
turned  over  to  soae  other,  as  yet  undeterainad,  organisa¬ 
tion  that  will  have  to  assess  tits  aanageaent  respon¬ 
sibility  for  its  continued  operation.  Thus  at  present 
its  fate  is  unknown.  The  opportunity  is  that  this 
advanced  facility,  properly  configured  for  a  wider 
coaaunity  of  users,  could  serve  as  the  prototype  of  a 
first-rate  national  oenter  for  sslssw logical  studies. 

Such  a  facility,  properly  sen  aged  and  adequately  funded, 
could  overseas  aoet  of  the  current  probleaa  that  toe 
panel  has  identified  and  greatly  enhance  the  use  of 
available  earthquake  seisaic  data  by  both  0.8.  and 
international  scientists. 


i  *  ■ 
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If  no  *t«pi  art  taken  to  Address  the  problems  identified 
in  Chapter  3  the  situation  is  likely  to  develop  that  only 
the  operators  of  seismograph  stations  will  have  ready 
access  to  the  data  they  record.  Effective  data  disaeaina- 
tion  to  the  seiseologioal  user  ocsiunity  currently  exists 
only  for  the  Worldwide  Standardised  Seisaograph  Network 
(WNS8M)  analog  (file)  data*  and  that  service  is  threatened 
by  escalating  costs,  mere  is  no  comprehensive  directory 
of  information  that  describes  what  data  sets  exist*  who 
has  them*  and  how  data  can  be  obtained.  Existing  global 
earthquake  catalogs  are  difficult  to  computer  search*  and 
there  is  no  oasprehensive  national  earthquake  catalog. 
Also*  additional  phase  data  are  not  generally  available 
at  all.  Nbat  information  exists  is  fragmented  and  must 
be  obtained  from  many  different  organisations.  Distribu¬ 
tion  of  digital  data  is  limited  becauee  of  fragmented 
responsibility*  current  policies  and  procedures*  and 
direct  and  indirect  costs  to  users. 

These  problems,  coupled  with  the  Defense  Advanced 
Research  Projects  Agency’s  (DARPA's)  recent  taplansntation 
of  a  modern  ooaputational  capability  for  act  ecological 
data  storage*  retrieval,  and  dissemination  to  users  (the 
DARPA  Center  for  Seismic  Studies)  and  for  data  analysis 
have  led  the  panel  to  conclude  that  establishing  a 
national  seismological  digital  data  baas  and  a  national 
seismic  data  facility  is  both  desirable  and  feasible  at 
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Effective  um  of  this  national  seismological  facility 
will  caquira  ttoa  following t 

(a)  Upgrading  of  tha  preaant  data -management  ayst ms 
to  provide  adequately  for  user  naads. 

(b)  Development  of  a  comprehensive  directory  of 
available  data,  data  sources,  data  quality,  and  format, 
together  with  a  search  capability  iaplemented  at  the 
National  Center  and  at  regional  facilities,  accessible 
also  by  remote  terminals. 

(c)  Development  of  a  comprehensive  catalog  of  national 
and  global  bypoeenters  including  associated  phase  data 
for  at  least  the  larger  events,  together  with  a  computer 
search  capability  iaplemented  at  the  National  Center. 

(d)  Standardisation  of  data  formats  for  the  purpose 
of  national  and  international  data  exchange . 

(e)  Establishment  of  a  policy  for  long-term  data 
retention  and  archiving. 

To  meet  these  goals,  the  panel's  conclusions  and 
recommendations  are  as  follows t 

1.  DARPA's  Center  for  Seismic  Studies  (CSS)  has 
several  objectives  of  direct  relevance  to  this  panel's 
objectives.  The  first  is  to  develop  the  capability  to 
use  digital  data  from  global  stations  and  networks 
effectively.  The  second  is  to  support  U.8.  initiatives 
in  the  United  Nations  Committee  on  Disarmament  (DNC D) , 
Group  of  Scientific  Nxperts  (GSS) ,  to  develop  improved 
data-exebange  provisions  for  future  test  ban  treaties. 

The  third  objective  is  to  provide  a  teat  facility  for 
developing  new  tools  for  seismic  data  analysis  and  to 
provide  access  to  organised  data  bases  to  support  DUM 
research. 

The  panel  views  the  developamnt  of  this  Center  as  a 
significant  opportunity  to  benefit  immediately  from  the 
rapid  advances  in  computer  technology  that  have  profoundly 
increased  digital  data  storage,  retrieval,  and  analysis 
capabilities  during  the  past  decade.  Bxperlenoe  with 
this  system  will  be  exceedingly  important  to  the 
development  of  intermediate-  and  long-term  capabilities 
needed  by  the  selsmologlcal  ucaemmlty.  As  discussed  In 
Chapter  3,  other  DAiDArsponaored  efforts  in  tha  past  have, 
led  to  major  seiamological  advances,  and  this  one  dearly 
will  also. 

PANDA'S  Center  for  Seismic  Studies  should  ha 
considered  a  prototype  for  tha  dsfdowieM  1  national 
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Center  for  Beiaaoloqical  Studio.  Its  operation  should 
be  structured  to  provide  data  and  services  needed  by  the 
seisaological  research  cossunity  in  general  and  by  several 
interested  federal  agencies.  Operational  costs  of  a 
national  center  are  estimated  to  be  between  (2  million 
and  $3  million  per  year.  The  required  level  of  funding 
should  be  provided  by  the  participating  user  organisa¬ 
tions!  federal  agencies  that  can  be  shown  to  have  a  need 
are  the  Na tonal  Science  Foundation  (NBF) ,  DARPA,  the  O.S. 
Geological  Survey  (USGS) ,  the  Department  of  Energy  (DOB) , 
the  Air  Force  Technical  Application  Center  (AFTAC) ,  the 
Agency  for  International  Development  (AID) ,  the  National 
Oceanic  and  Atmospheric  Administration  (MQAA) ,  the 
Federal  Emergency  Management  Agency  (FEMA) ,  and  the 
National  Aeronautics  and  Space  Administration  (NASA) . 

Therefore,  the  highest  Priority  recommendation  of  the 
panel  is  that  a  National  Center  for  Seismoloaical  Studies 
be  established  to  assure  the  effective  use  of  global, 
national,  and  selected  regional  and  strong-motion 
earthquake  data.  The  National  Center  should  meet  at 
least  all  the  functional  requirements  given  in  Appendix  F 
of  this  report. 

The  main  goal  of  the  National  Center  for  Seisaological 
Studies  should  be  to  encourage  the  continuing  application 
of  state-of-the-art  equipment  and  techniques  to  current 
problems  in  seismology.  A  component  of  in-house  research 
and  facilities  for  visitors  will  be  essential  to  ensure 
the  continued  effectiveness  of  the  Center!  one  of  its 
major  functions  will  be  to  ensure  the  availability  and 
easy  distribution  of  data  to  external  users.  Establishing 
formats  and  a  data-base  structure  for  the  archived  data 
and  developing  standardised  software  for  the  routine 
manipulation  of  both  waveform  and  parameter  data  within 
the  Center  will  de  facto  solve  many  of  the  problems  of 
standardisation  that  currently  inhibit  the  easy  exchange 
of  data.  Many  of  the  current  activities  of  federal 
agencies  responsible  for  earthquake  monitoring  and 
research  can  be  coordinated  through  the  Center  with 
significant  improvement  in  quality,  efficiency,  and 
response  time  for  major  aeianic  events,  flame  or  all  of 
the  functions  of  the  National  flarthquake  information 
Service  (Ntlfl,  DIGS)  oaa  be  incorporated  within  the 
Center.  The  close  coordination  of  the  activities  of  the  - 
Center  with  the  ongoing  work  of  DAAFA  in  testing  and 
lapl anant lag  new  technologies  will  help  to  ensure  that 
modern  facilities  are  maintained.  The  Center  will 
provide  a  natural  focus  for  the  analysis  and  distribution 
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of  data,  either  via  direct  access  or  through  a  distribu¬ 
tion  facility  such  as  that  now  operated  by  the  NGD6. 

2.  The  operation  of  the  National  Center  for  Seismo- 
logical  Studies  should  be  the  designated  responsibility 
of  a  lead  organisation,  such  as  a  private  nonprofit 
corporation  like  that  of  the  National  Center  for 
Ataospheric  Research,  the  National  Science  Foundation,  or 
another  federal  agency.  However,  the  policies  and 
procedures  for  the  National  Center  for  Seismological 
Studies  should  be  established  by  the  participating  user 
organisations  through  an  advisory  board.  The  funding  for 
operation  of  this  facility  should  be  planned  and  foraally 
coaaitted  on  a  continuing  basis  by  a  consortium  of 
funding  agencies  to  minimise  future  support  problems. 
Figure  1  shows  how  the  proposed  Center  could  be  organised 
to  meet  the  desired  objectives  discussed  in  this  report. 

Using  the  Center  for  Seismic  Studies  (CSS)  as  a 
prototype  or  a  nucleus  to  develop  a  national  data 
facility  will  require  immediate  action.  The  CSS  will 
soon  be  operational  (at  the  end  of  fiscal  year  1984)  as  a 
model  facility  designed  for  use  in  comprehensive 
monitoring  of  a  test  ban  on  underground  nuclear 
explosions.  As  such,  it  has  a  limited  operational  life 
for  these  requirements,  and  then  it  will  be  transferred 
to  some  other  (currently  undetermined)  organisation  or 
shut  down.  The  CS8  represents  a  rare  opportunity  to 
advance  our  seismological  research  capabilities  taking 
full  advantage  of  the  state-of-the-art  computing  and  data 
base  management  technology  that  has  been  iaplemented. 

The  panel  recommends  that  in  calendar  1983  the  National 
Research  Council* s  Committee  on  Seismology  initiate  steps 
to  convene  a  meeting  of  representatives  from  funding 
agencies,  other  user  organisations,  and  the  university 
rnmmunltv  to  discuss  the  possible  implementation  and 
funding  of  a  National  Center  for  Seismological  Studies 
using  the  CSS  as  its  prototype. 

3.  The  present  distribution  system  for  analog  data 
should  be  maintained  and  supported.  The  technology  for 
acquiring  and  analysing  data  is  changing  rapidly,  but 
many  productive  and  innovative  seismologists  in  the 
United  States  and  in  other  countries  will  continue  to  use 
analog  data  for  at  least  another  decade  because  new 
technology  will  not  be  available  to  them  and,  perhaps, 
because  of  lack  of  training  in  the  use  of  digital 
technology.  Too,  some  seismographie  stations  recording 
analog  data  fill  iaportant  gaps  in  the  global  network 
coverage.  Sven  though  the  trend  is  to  replace  analog  by 
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FIGURE  1  Functional  organisation  for  a  National  Canter  for  Seisaological  Studies 
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digital  recording  in  tba  long  tar a,  provisions  must  be 
made  for  handling  both  types  of  data. 

The  National  Geophysical  Data  Center  (NGOC) *  of  HOM, 
has  had  the  primary  responsibility  of  handling  analog 
data  froa  the  Worldwide  Standardised  Seismograph  Network 
(MNSSN)  frost  its  inception!  responsibilities  include  the 
■icr of lining  of  original  records  and  the  provision  of 
high-quality  film  copies  to  users.  These  services  have 
been  and  will  continue  to  be  valuable  to  the  seisaological 
community  for  the  foreseeable  future.  The  policy  of  the 
Department  of  Commerce  is  that  the  costs  of  reproduction 
and  distribution  are  recovered  from  the  users.  Rather 
than  considering  curtailment  of  this  activity*  NORA 
should  recognise  the  importance  of  this  national  data 
resource  to  the  selsmolog leal  community  and  continue  to 
provide  funding  for  manpower ,  equlpamnt,  and  storage 
facilities  adequate  for  this  analog  data  preparation  and 
distribution,  funding  organisations  should  provide 
sufficient  monies  through  their  grants  or  contracts  to 
researchers  for  copying  and  distribution  of  the  analog 
records.  The  panel  recommends  that  the  HGDC  analog  data 
archiving  and  distribution  facility  be  maintained  and 
that  the  costs  of  operation  be  shared  as  decrlbed  above. 
Alternative  techniques  for  archiving  and  disseminating 
analog  data  should  be  considered  bv  HGDC  to  keep  costa  to 
users  at  a  minimum. 

4.  The  Albuquerque  Seisaological  Laboratory  (ASL)  of 
the  OSGS  has  the  primary  responsibility  for  assembling 
the  digital  data  from  the  evolving  GD6N.  This  is  being 
done  as  described  in  Chapter  3.  The  ASL  monitors  global 
and  national  digital  data  collection*  collates  the  data 
and  generates  network-day  tapes  (NDTs) .  The  data  are 
available  through  the  HGDC  in  Increments  of  one  day  (24 
hours)  for  4100  per  tape  and  NGDC/WQAA  should  make 
efforts  toward  reducing  this  price.  To  avoid  tikis  high 
cost*  users  have  acquired  data  informally  at  essentially 
no  coat  (except  tapes)  from  DARFA  and  0808.  The  0808  has 
established  three  regional  centers— at  the  California 
Institute  of  Technology*  Saint  Louis  University*  and 
Harvard  University— all  of  which  have  acquired  complete 
seta  of  recent  NDTs.  Visitors  can  use  regional  center 
facilities  to  copy  NDTs. 

All  of  these  current  nodes  of  distribution  of  digital 
data  are  either  too  costly  or  overly  cumbersome  to  users* 
because  the  minimum  increment  of  data  available  is  one 
NOT  consisting  of  26  hours  of  data  from  all  the  stations 
in  the  GD8M.  Thus  a  large  number  of  tapes  nay  be 
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involved  in  a  single  research  project  and  the  user 
cosaonly  nust  engage  in  a  significant  preprocessing 
computational  effort  just  to  get  the  desired  event  tine 
windows  for  analysis.  This  situation  will  worsen 
considerably  in  the  near  future  as  all  of  a  network  day 
will  not  fit  on  a  single  1600-bpi  9-track  tape.  It  is 
the  panel's  understanding  that  at  present  alnost  a 
network-aonth  of  GOSH  data  resides  in  active  aeaory  or 
Bass  storage  on  the  systea  used  to  generate  the  *JTe  at 
the  ASL.  Thus  network  tapes  of  any  tine  increaent  could 
be  generated  with  ainiaal  perturbation  to  the  present 
procedures  and  no  change  in  foraat.  With  aodest  upgrading 
of  the  aging  ooapoter  systems  now  used*  several  network 
aonths  could  reside  in  the  active  archive  and  thus  be 
available  for  supplying  data  ineraaents  other  than  28-hour 
network  days.  Other  siaple  types  of  subsets  could  easily 
be  generated#  such  as  only  selected  stations  or  long# 
continuous  intervals  of  long-period  data  needed  for  free 
oscillation  studies.  The  pansl  recoaaends  that 
alternative  types  of  OPW  digital  data  ineraaents  be  Bade 
routinely  available  to  users  in  addition  to  the  standard 
network-day  tape. 

S.  The  problea  of  which  organisation  is  responsible 
for  distributing  the  GOSH  data  should  be  settled  without 
delay.  A  new  generation  of  technology  is  ocaing  on  line# 
and  adequate  planning  is  required  to  assure  effective  use 
of  the  resulting  data.  The  current  and  future  earthquake 
digital  data  are  and  will  be  ooaputer-intensive.  User 
organisations  should  help  with  the  planning  and  should 
share  in  the  date-handling  costs.  As  with  the  analog 
data#  adequate  support  of  data  distribution  to  users 
should  be  provided  in  the  contracts  and  grants  aade  to 
researchers. 


The  panel  reocaasnds  that  QOWi  data  be  aade  available 
at  a  national  Center  for  Selaaoloqlcal  Studies  and  that 
tbs  hestonaf  beta  fl^a  continue  to  provide  qp«l  data 
to  visiting  researohera.  Zt  is  recognised  that  providing 
MDTs  at  the  regional  centers  is  only  an  i  was  diets# 
partial  answer  to  present  distribution  probleas,  but  it 
does  provide  relatively  easy  access  to  the  data  for  seas 
researchers  and  has  the  advantage  that  new  users  can  gain 
initial  faalliarisation  with  tbs  data  froa  regional 
center  personnel,  tventually  these  centers  should  also 
have  available  other  standard  types  of  (MM  sets  that 
night  be  generated#  such  as  event  tapes. 

I.  Data  froa  regional  as  well  as  global  and  national 
networks  oust  be  considered  in  developing  a  national 
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seianologieal  data  basa.  Regional  networks  have  almost 
exclusively  used  large  numbers  of  inexpensive*  narrow* 
band*  low-dynaaic-range  stations  for  gathering  arrival 
tine*  duration,  and  amplitude  data  for  accurate  location 
of  hypocenters  and  local  magnitude  determinations,  the 
earthquake  catalogs  produced  by  regional  and  local 
networks  should  be  included  in  the  national  aelsnoloqlcal 
data  base.  Procedures  should  be  established  to  aonitor 
the  quality  of  these  catalogs  and  provide  at  least  ■inisui 
uniformity  in  location  and  magnitude  determination 
procedures. 

in  order  to  expand  the  use  of  regional  networks  beyond 
the  sisple  cataloging  of  earthquakes,  it  la  essential 
that  waveform  data  of  high  dynamic  range  and  broad 
frequency  content  be  gathered  from  a  subnet  of  stations 
within  each  network  (as  discussed  in  Selanoarapfaic 


within  each  network  (as  discussed  in  £SkBSS£Kbl£ 
Networks*  Problems  and  Outlook  for  the  1990s.  1983). 
Such  data  are  necessary  to  extend  the  understanding  of 
regional  propagation  and  seismic  basard.  The  mission- 
oriented  agencies  concerned  with  these  problems  should 
provide  the  funding  support  necessary  to  develop  and 
install  improved  instrumentation.  Waveform  data  from 
such  high-quality  broadband  stations  should  be 
incorporated  into  a  national  eolamo logical  data  base. 


»•■«■?•!  All  i? 
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7.  is  discussed  in  Chapter  3*  a  high-quality  digital 
and  analog  strong1  motion  data  base  has  been  established* 
but  its  continued  effective  maintenance  and  distribution 
to  users  by  the  0808  and  NQDC  is  problematical,  there* 
fore*  the 
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8.  Bigh-quality  data  seta  will  be  generated  by 
Artec's  new  088  network  as  described  im  appendix  I*  but 
data  from  it  will  not  be  made  routinely  available* 


9.  the  value  of  moot  seismologies!  data  dona  ant 
depreciate  with  time.  Large  — nnn»s  of  money  have  been 
expended  (millions  of  dollars)  by  MM,  BOD*  8808*  801* 
NBC*  and  possibly  other  ageneies*  in  obtaining  selanie 
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data  for  apecial  purposaa.  Examples  of  aueh  data  «« 
those  froa  the  USN  network,  LASA,  and  the  BGLP  network 
of  stations.  The  data  froa  such  oparations  can  be 
considered  analogous  to  other  valuable,  unique  works)  tha 
stewards  of  such  unique  data  should  have  a  aoral 
obligation  to  preserve  it  for  future  use  of  science  and 
technology.  A  large  collection  of  these  unique  sets  of 
data  are  contained  in  Teledyne-Geotech's  Seismic  Data 
Analysis  Center  (SDAC)  in  Alexandria,  Virginia)  but  it  is 
scheduled  to  teminata  operations  on  October  1,  1983. 

The  panel  reco— ends  that  selected  subsets  of  thee* 
special  data  collections  be  Kept,  indefinitely  as  part  of 
an  active,  accessible  national  seismologies!  data  base. 
Specifically,  with  regard  to  the  analog  and  digital 
magnetic  tape  data  at  SDAC,  we  foamsisnd  that  digital 
data  subsets  for  all  tslsaaismlc  events  of  rnK  U  M 
greater  and  all  regional  or  local  events  of  or 

greater  be  generated  and  saved.  These  data  should  be 
culled  Mid  digital  events  tapes  made  from  the  usable 
analog  and  digital  magnetic  tapes.  The  original  record¬ 
ings  could  then  be  stored  in  data  warehouses,  given  away 
to  any  interested  organisation,  or  discarded.  The  digital 
event  tapes  should  be  put  into  a  national  aeismological 
data  base.  The  Panel  r — iriTlIr  lead  organisa¬ 

tion  tot  the  national  Center  should  have  the  ramiUbll- 
ity  to  archive  thesa  data  subsets  as  part  of  a  national 
aeismological  «>  base.  The  coats  should  be  distributed 
among  the  consortium  of  funding  agencies  listed  earlier 
in  this  chapter,  apportioned  according  to  the  current  and 
projected  future  use  of  the  data. 

10.  Mho  has  what  data?  What  are  the  storage  media 
and  formats?  Are  servioes,  facilities,  or  special 
software  available  to  deal  with  the  data?  The  need  for  a 
centralised,  ocnpmter  accessible  directory  of  snob 
information  is  real  and  immediate  bananas  asms  exists  at 
present.  Objections  to  a  centralised  eervioe  providing 
this  bind  of  information  are  that  tba  incarnation  will 
not  be  complete  or  aoomrate  and  ttet  the  organisation  and 
documentation  harden  on  those  who  mast  altimetely  provide 
the  information  to  the  centralised  facility  will  ha 
anaoeeptably  large.  Our  view  is  that  these  pcablsns  can 
only  grow  worse  with  tine,  and  only  by  starting  new  will 
we  have  a  chance  of  providing  this  directory  Information 
in  later  years  when  the  volume  of  data  will  have  increased 
significantly,  hvantually  global,  national,  regional, 
and  local  catalogs  should  be  included. 
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A  first  step  should  bo  to  soloet  an  agency  or  organisa¬ 
tion  that  is  appropriate  for  developing  and  providing 
sooh  aervioes.  Ons  logical  lemediate  ehoioo  appears  to 
bo  MOAh/MDC.  they  already  provide  any  related  data 
servioes  and  have  recent  experience  with  prototype 
directory  development.  Alternatively*  this  could  be  a 
designated  activity  at.  the  national  Center.  Xn  initiating 
such  a  service*  major  potential  contributors  should  be 
approached  to  determine  their  willingness  to  participate 
and  to  indicate  just  what  information  about  their  data 
they  would  be  willing  to  furnish  routinely.  Information 
should  not  just  indicate  what  data  exist  but  should  also 
indicate  intended  retention  tins.  Xf  data  are  discarded 
or  bacons  unusable*  this  Information  should  also  be  node 
available  to  the  data  information  center.  As  an  incentive 
the  contributing  organisations  should  be  provided  with 

ooples  of  the  directory,  the  panel 
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This  activity  should  he  considered  as  pert  of  the 
of  MQhA/MDC  or  the  national  Canter  in  developing  and 
maintaining  a  national  solsnologloal  data  base. 

11.  Good,  well-planned  data  nsnsgsnsnt  is  an  essential 
element  in  effective  utilisation  of  seismic  date*  and  it 
is  a  keystone  to  future  advances  in  earthquake  seismology. 
The  problems  of  data  handling  result  from  poor  planning) 
fragmented*  unooordineted  responsibility  for  different 
operations)  and  poor  financial  support.  These  problems 
nust  be  rectified  to  derive  desired  societal  benefits 
from  the  advancing  technological  capabilities  of  the 
nation  and  to  ensure  the  health  of  seismology  as  a 
science.  The  raooamandstlons  given  above  address  all  the 
najor  issues  except  the  sustained  finding  inplleit  in  the 
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aooees  at  low  dost  to  data  subsets  that  meet  their 
particular  needs.  Collectively  this  will  he  a  benefit 
because  the  users  can  devote  more  effort  to  the  analysis 
and  interpretation*  and  now  users  will  not  he  discouraged 
by  the  effort  required  to  obtain  the  data  they  want. 

12.  There  is  a  need  for  standard  digital  enohange 
fomats.  internationally*  IAMBI  baa  formulated  standards 
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for  data  exchange.  Tha  panal  reooani  pda  tba  adoption  of 
tha  IA8PBI  atandarda  for  international  exchange  of  digital 
I*h  Appendix  C). This  ourrantly  incorporates  tba 
network-day  tape  f onset  as  a  standard  for  exchange*  A 
few  different  standard  f ornate  nay  be  acceptable ,  but  no 
aore  than  a  few  should  be  adopted. 

*h*  data  derived  froa  regional  networks  have  been 
previously  described  in  Chapter  3.  The  probleas  associ¬ 
ated  with  network  operations  are  discussed  in  Selano- 
graphlc  networks!  Probleas  and  Outlook  for  the  1980s 
(1983) .  There  are  about  50  regional  networks  operating 
about  1*600  seiaaographic  stations  in  the  United  states. 
The  purpose  of  the  networks  is  to  provide  data  fundaaental 
to  research  on  seiasotec tonic  processes  and  earthquake 
occurrence  in  the  region.  There  is  need  for  coordination 
of  regional  activities*  because  the  seisaic  data  have  use 
to  other  network  operators  as  well  as  to  private  users 
such  as  utility  coapanies.  Standardisation  of  data 
foraats  or  at  least  data-eaohange  foraats  will  enhance 
the  usefulness  of  the  data.  The  panel  recoanends  that 
the  Cnaatttee  on  Seisaology  take  steps  to  convene  a 
workshop  for  the  purposes  of  establishing  standard  data 
and  data-esehange  foraats  and  standardisation  of  data 
catalogs. 

13.  The  pane)  reooaaands  that  the  National  hesearch 
SSSSSlilM.  & Mtttw  Seisaology  should  assune  the  lead 

9T1XMX1  policy  for  the  long-tern 
retention  of  data  Oiiiintly  being  collected,  however* 
the  oonaortiua  of  supporting  organisations  should 
participate  in  the  developaent  of  the  policy  that  is 
adapted.  This  policy  should  include  saving  indefinitely 
the  KXTs,  network  event  tapes*  triggered  wavefora  data 
froa  a  national  network*  near-field  (strong-notion)  data* 
historical  and  current  special  data  sets*  and  special 
data  sets  froa  regional  networks. 

With  the  advances  in  data  storage  capacity  and 
decreasing  costs  per  unit  voluae  of  storage*  it  likely  is 
technically  feasible  to  keep  indefinitely  a  large  frac¬ 
tion  of  the  data  collected  (see  Appendix  »  tor  current 
and  anticipated  data  voluaee) .  however*  data-beae- 
nanagenent  coats  could  be  unacceptably  large  if  all  the 
data  are  kept  in  active  ((ansi lately  acoeesible)  aase 
storage.  The  guidelines  that  the  panel  suggests  tor 
wsvetora  data  retention  are  as  follows  i  (a)  Keep 
indefinitely  as  aeofa  of  the  recorded  event  data  as 
possible*  but  use  a  storage-retrieval  archiving  architec¬ 
ture  that  neves  lese-freqeently  need  data  into  "deeper*" 
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lass-costly  storage  where  it  is  still  accessible  but  with 
•emm  delay,  (b)  Apply  a  uniqueness  criterion  to  the 
recorded  events  that  are  considered  tot  deletion,  that 
is,  bow  common  is  the  event,  and  haw  many  opportunities 
exist  to  obtain  equivalent  data  if  needed.  Bxaaple 
candidates  for  deletion  on  that  basis  include  aicroearth- 
quakes  in  areas  of  high  seismicity  or  repeated  quarry 
busts  at  the  sane  location,  (c)  Update  the  older 
archived  data  sets  to  conform  to  current  storage  and 
retrieval  formats,  that  ia,  older  data  sets  should  be  as 
readily  accessible  as  the  newer  data. 

14.  Finally,  because  of  the  rapid  technological 
changes  in  computational  and  date-handling  capabilities, 
the  panel  reoosmmnds  that  the  Committee  on  Seismology 
review  the  status  of  data  problems  in  seismology  on  a 
year-to-year  heels  to  ensure  effective  utilisation  of 
earthquake  seismic  data. 
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PAHBL  Qg  DkTA  PROBLEMS  IM  SEISMOLOGY 


Seismic  data,  and  aapacially  digital  seismic  data,  have  j 

been  increasing  rapidly  in  recent  years.  Furthermore, 
data  sources  are  diverse,  and  data  are  being  generated  1 

under  a  wide  range  of  programs  supported  by  D8G8,  NSF,  j 

dod,  NOM,  me,  and  other  government  and  private 
institutions.  In  order  to  obtain  maximum  scientific  j 

benefit  from  seismic  data,  their  collection,  storage,  ’ 

distribution,  and  analysis  require  careful  planning.  The  i 

Panel  on  Data  Problems  in  Seismoloyg,  of  the  Committee  on  ' 

Seismology,  should  review  the  seismic  data  problems  and  \ 

make  recommendations  for  organisation,  selection, 
storage,  and  distribution  of  the  data.  Study  should  | 

include  both  existing  and  anticipated  analog  and  digital  \ 

data  from  global,  regional,  and  local  seismic  networks  <* 

and  strong-motion  instruments.  Seismic  profiles,  ground  > 

deformation,  and  other  complementary  data  sets  should  ; 

also  be  considered.  The  panel  should  recommend  procedures  « 

and  policies  to  ensure  the  availability,  timely  distribu-  ' 

tion,  and  analysis  of  these  data.  j 
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Tha  following  ehartottrina  tha  aagnituds  of  th«  prssant 
and  futura  digital  saiaalc  data  waveform  problem  for 
global  and  regional  saiamic  networks. 

Tba  Regional  Saiaalc  Vast  Network  (RSTH)  stations  aca 
representative  of  tha  aost  advanoad  and  digital-data 
intensive  stations  in  global  saiaalc  natworka.  Bach 
station  producaa  thraa  short-par lod  channals  saaplad  at 
40  spa,  thraa  nediuat-band  ohannals  saaplad  at  4  spa,  and 
thraa  long-pariod  ohannals  saaplad  ones  par  saoond.  All 
saaplas  ara  16  bit,  anoodad  in  gain-ranged  (pseudo- 
floating  point)  format  to  handle  vary  wida  dynamic 
rangas.  Othar  stations,  such  as  AMD  stations,  hava  only 
short-  and  long-pariod  bands,  and  tha  abort-par lod 
saapling  rat a  is  reduced  to  20  spa.  Zt  is  also  possibla 
to  hava  broadband  lost r  unants,  saaplad  at  a  rata  • 
appropriate  for  abort-par iod  data,  from  which  all  bands 
can  bo  oonpotationally  attracted.  But  tha  B8fM  rapraaanta 
a  good  basis  on  which  to  char  actor  Isa  tha  data  problan 
for  global  natworka. 

Ragional  or  local  natworka  ara  avan  mora  oriantad 
toward  abort  periods  sad  high-f raquanoy  data.  Of tan  only 
a  aingla  vartioal  oeaponant  la  of  intarast.  Sampling 
ratas  for  digital  data  ara  typically  in  tha  50-160  apa 
range.  in  what  follows  wa  assume  that  a  aingla  station 
In  a  regional  or  Local  natwork  will  produce  100  saaplas 
of  16-tolt  data  each  second. 

tba  nuaber  of  advanoad  digital  stations  available 
today  for  inclusion  in  a  global  natwork  la  on  the  order 
of  30.  Zt  is  not  unreasonable  to  asaoam  Oat  nay  grow  to 
be  as  much  as  105.  the  basis  for  tills  assuaption  la  a 
review  of  SUOMI  data.  A  subeefc  of  sane  50-105  SSM 
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stations  has  produced  the  vast  majority  of  all  NNSSM 
arrival  times  and  film  data.  Zt  seems  reasonable  to 
aasume  that  the  digital  network  may  grow  to  that  sise  but 
probably  no  larger. 

The  number  of  seismometers  in  regional  and  local 
networks  is  very  large  already,  although  most  are  not  yet 
digital.  In  the  United  States  alone  there  are  some  1,600 
stations  in  such  networks  (Ssiswooraabic  networks i 
Problems  and  Outlook  for  the  1980s,  1983),  with  perhaps 
half  of  those  collected  as  analog  data  but  processed  and 
handled  in  digital  form.  This  processing  is  done  by 
various  universities  and  government  agencies,  which  act 
as  regional  network  analysis  and  processing  centers. 

Based  on  this  we  will  assume  that  there  might  be  as  many 
as  2,000  digital  stations  at  some  future  time. 

Table  B.l  summarises  the  magnitude  of  the  digital 
seismic  waveform  data  problem  for  global  and  regional 
networks,  first,  it  is  dear  that  in  terms  of  bulk  of 
data  the  regional  networks  represent  the  largest  potential 
problem.  Bven  after  selection  of  intervals  for  retention, 
the  amount  of  data  is  probably  beyond  what  is  practical 
to  retain  for  long  periods  of  time.  Also,  the  nature  of 
such  networks  and  their  data  may  not  justify  saving  large 
amounts.  In  the  case  of  global  networks,  the  total 
amount  of  data  may  be  impractical  to  save  using  currant 
technology  and  reasonable  funding  expectations.  But  by 
selecting  short-period  event  windows  to  save  permanently, 
the  quantity  of  waveform  data  is  reduced  to  a  feasible 
level  for  archiving. 

figure  B.l  presents  additional  information  concerning 
seismic  data  accumulation  and  storage  madia.  The  figure 
can  be  used  to  gain  an  appreciation  of  the  also  of 
digital  seismic  data  bases.  Xt  shews  graphically  how  the 
else  of  the  data  base  increases  with  the  average  sample 
rate,  the  number  of  stations,  and  the  time  of  operation, 
for  example,  consider  the  global  network  station 
parameters  used  in  the  Table  B.l  that  resulted  in  10 
selected  tapes  per  year,  from  figure  B.l  we  see  that 
this  corresponds  to  an  average  sampling  rate  of  about  7 
thru  component  sps,  which  is  correct. 

the  exact  numbers  of  stations,  station  characteris¬ 
tics,  tape  storage  capacity,  date  selection  policies,  and 
other  related  factors  are  not  important  for  this 
discussion  provided  they  arete  aeon  able.  Seta  are  two 
main  pointa  to  be  aotedi  first,  that  digital  global 
networks  will  produoe  data  quantities  that  are  probably 
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FIGURE  B.l  Cooperative  examples  of  data  volunes. 


too  larga  for  total  ratantion  by  currently  available 
MMtf  but  judicious  selection  should  reduce  the  data  to 
— aqeshla  quantities  while  saving  alaost  all  data  likely 
to  be  of  significant  scientific  value;  second,  the 
potential  quantity  of  digital  data  fro*  regional  networks 
in  at  leant  an  order  of  Magnitude  larger. 
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II.  Near  field  data 


IASPEI. 


Considering  the  lack  of  data  obtained  from  the  near  field  of  large  earthquakes, 

Urges  that  every  attempt  be  made  to  obtain  near  field  data,  for  example  by 
installing  strong  motion  instruments  in  recognised  seismic  gaps  or  in  regions  of  predicted 
earthquakes,  and  by  moving  portable  arrays  of  strong  motion  stations  into  the  epicentral 
region  as  soon  as  possible  following  a  major  earthquake. 

12.1  NTERNATIONAL  INSTITUTE  Of  SEISMOLOGY  AND  EARTHQUAKE  ENGINEERING 

IASPEI. 

Noting  that  the  UNDP -Japan  joint  project,  aatabMahed  in  1963  by  die  International 
Institute  of  Seismology  and  Earthquake  Engineering  (11SEE),  Tokyo,  and  operated  from 
1 972  by  the  Japanese  Government,  contributed  much  to  the  training  of  seismologists  and 
earthquake  engineers  in  the  developing  countries,  especially  with  the  help  of  Uneaco 
experts  before  1972. 

Recommends  that  the  USEE  endeavour  to  resume  Its  former  practice  of  inviting 
professors  from  abroad,  seeking  national  or  international  Kinds  to  achieve  this. 


13.  Storage  or  historical  data 

IASPEI. 

Recognizing  the  importance  of  retaining  old  seismographs,  bulletins, 
readings,  dock  correction  and  catibration  records  and  other  sahmotogicsl  k 

Noting  the  danger  that  these  data  may  be  leat  dot  to  lack  of  space  or 
for  other  reasons. 

Encourages  aH  stations  and  imiitutas  to  take  appropriata  measures 
storage  conditions  in  order  to  piawrve  thme  invaluable  data,  if  nacaaa 
financial  and  technical  help  from  national  or  international  sources. 


14.  Regional  seminars 

IASPEI. 

Recognizing  the  usefulness  of  regional  seminars  which  haws  ban 
specific  senmoiogical  topics,  such  as  that  held  by  CERESB/OAS  on  mien 
Lima  in  November.  I97S.  and  that  hsld  by  ft*  USEE  on  angjnaaring  as 
Japan  in  April  1910. 

Noting  that  these  seminars  have  particular  value  for  scientists  from 
countries. 


dsuosed  to 
Hiwtagy  in 


Resoh-esto  encourage  national  and  fa 
seminars  and  lympoaie  in  tailor  for  the 
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IS.  Dikectoaies of  digital  stations 

IASPEI. 

Noting  the  continuing  development  of  new  digital  aeismagraph  nations  by  many 
countries. 

Urges  that  directories  of  digital  recording  stations  be  updated  at  lean  annually,  and 
that  these  directories  be  made  available  in  computer  accessible  format. 


16.  Digital  recording  format 

IASPEI, 

Noting  foe  variety  of  data  formats  currently  in  use  for  digital  data. 

Recommends  that  foe  global  digital  seismograph  network  day  tape  format  be 
adopted  as  foe  initial  standard  for  international  data  exchange.  and  that  data  sets  in  this 
format  be  made  available  for  arbitrary  (user  defined)  event  time  windows. 

Further,  recommends  that  one  or  more  demonstration  data  tapes  be  developed  to 
help  users. 


17.  Digital  analysis 

IASPEI, 

Recognizing  that  digital  waveform  analysis  is  a  detailed  procedure. 

Urges  that  software  for  simple  types  of  analysis  be  made  avahable  to  seismologists 
who  are  relatively  inexperienced  hi  digital  sehmomstry. 

18.  Digital  data  exchange 

IASPEI. 

Recommends  that  digital  seismograms  in  an  internationally  accepted  format  be 
indudes  in  foe  International  Data  Exchange  data  sets. 

19.  Resolution  of  thanks 

IASPEI. 

Considering  foe  success  of  the  1981  Assembly, 

Expresses  its  thanks  to  ihe  Univarsity  of  Western  Ontario,  the  Department  of 
Geophysics  and  foe  local  organising  committee  for  foe  gne  fodfoim  which  ware  made 
available  and  for  all  the  preparation  which  contributed  to  an  axUant  Assambly 
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DMtPA  Ls  supporting  dovolopannt  of  a  mv  facility  called 
tbs  Cantor  for  Saisaic  Studios  for  sfaich  thara  ara  two 
■slot  objectives.  Tha  first  ia  to  anhanoa  tha  sffective- 
naas  of  DMlPA-suppoc tad  raasarcb  to  laprove  tha  0.8. 
capability  to  nonitor  nuclaar  tost  ban  traatiaa.  tha 
aaoond  is  to  davalop  tha  capability  to  —at  tha  inter- 
national  data  axcfaanga  obligations  likoly  to  ba  naodad 
for  a  Coaprabansiva  tost  Ban  Traaty.  Satisfaction  of  tha 
objectives  requires  develop— nt  of  effective  assns  for 
organising  and  nanaging  large  voluaas  of  digital  data  and 
providing  convaniant  aocass  to  aspics ion  and  earthquake 
data.  This  affort  provides  a  nodal  for  tha  kind  of 
capability  naadad  to  fully  asploit  uodarn  digital  salsnlc 
data  for  broadar  geophysical  research  objactlvas.  An 
advanced  data  canter  prototype  based  on  a  network  of 
elnioopputers  has  been  designed  and  is  being  developed  at 
tha  Canter.  Saianic  data  ate  being  collected  free  sources 
ranging  fron  digital  data  ttananitted  via  satellite 
(Asgional  Saisaic  fast  network)  to  par— star  data 
tran— itted  via  the  BMO/Bts  telen  and  the  AKMMR.  Bata 
froa  the  Qlobel  Digital  Saisaic  Batwork  and  other  date 
aouro—  —a  collected  on  tape,  the  date-baa ie*— nags— at 
ays  tea  will  organise  data  for  a— a  on  such  user- 
so  lac  table  criteria  as  aw— t,  station,  aed  geographic 
region. 

Tha  Canter  foe  Sal— ic  Stud  lea  facility  was  raoantly 
—tabliabad  to  he—a  the  prototype,  a  —all  raeldant 
research  staff,  and  visiting  soi— tiata.  it  supports 
date-— change  eaper lean ta  being  conducted  by  t—  United 
Bette—  Ccanittm  —  Pieare— ant  to  —  Up  tkn  queoapt 
and  f—e tin—  ef  m  international  pate  renter  fee  treaty 
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monitor ing.  A  Runt*  Seisaic  Terminal  ia  also  being 
developed  for  eaae  of  international  data  exchange  and 
remote  accese  to  the  resources  of  the  Center.  Completion 
of  the  operational  prototype  to  support  the  research  and 
international  data  center  functions  is  scheduled  for  late 
1984. 


COMPUTING  AMD  DATA  REQUIREMENTS 

To  support  these  objectives*  capability  is  required  to 
collect*  process*  and  organise  high-quality  digital  data 
and  make  then  conveniently  available.  Seisnic£data- 
analysis  capability  is  required  to  support  easy  display 
and  manipulation  of  seismic  waveform  and  nonvaveforn 
(maps*  focal  solution)  data.  Tbs  nature  of  seismic  data 
makes  the  problem  complex  in  that  it  is  recorded  on 
various  media  including  paper  records,  film*  and  magnetic 
tape  in  analog  and  digital  format.  Receipt  of  data 
varies  from  close  to  real  time  to  several  months  and 
somstimes  years.  Parameter  data  must  be  integrated  with 
waveform  data*  and  historical  data  must  be  combined  with 
current  data  to  construct  organised  data  bases  for 
research.  A  prototype  seismic  data  center  was  designed 
and  developed  to  provide  these  functions  and  to  meet 
current  and  evolving  research  and  date-exchange  needs. 


The  required  functions  and  the  need  for  expansion  have 
been  satisfied  through  the  development  of  a  distributed 
computer  system  architecture.  A  number  of  minicomputers* 
connected  by  a  local  computer  network,  form  the  major 
subsystems  of  the  prototype i  Crm— uniostions*  Database* 
Seismic  Analysis,  and  Hanots  Aeneas..  Tbs  ooapstsr 
resources  include  Digital,  mquipmsnt  Corporation 
oosputsta,  three  nv  VAX  11/180  oogputers,  three  Mb 
11/44  oonputera,  s  Msgstet  waveform  graphics  terminal, 
and  s  Wsgstsk  nsmwsvetorm  graphics  tsrainsl.  The 
operating  syntam  oon trolling  tits  oonputera  is  UNIX,  s 
sell  hsbocstoriss  apsrstisg  system.  Xneh  of  the 
subsystems  jmrfacnh  asst  of  fnnoHaas 

The  Common  ioatieno  Inter  fees  tatsystin  rsosives  ell 
incoming  date  including  that  from  the  f&s*. 

Seismic  Test  mstwork*  which  is  rsosivsd  vis  a  satellite 
tecalaal  at  tbs  Cam  ter.  it  alee  provtdss  s  variety  of  . 
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way*  to  oo— unlcat«  with  th*  Center  foe  convenient  aocaaa 
and  data  exchange.  Thaaa  Include  th*  MMMi  TTMNT, 
dedicated  line*,  dial-up  capability,  nail,  and  th*  Hanot* 
8*laalc  Terminal.  Through  tb*  Co— nloatlona  interface 
reaearobera  aoceaa  the  Cantor's  data  and  ooapntlng 
resources. 

The  Databsss  Managa— nt  Subsystan  receives,  organises, 
and  archives  all  the  data  at  the  Center,  it  Is  based  on 
Ingres,  a  relational  data  baa*  supported  by  UNIX.  Through 
the  data  base,  requests  for  data  ean  be  formulated  In 
■slsaologleal  terns  and  efficiently  stored  and  retrieved. 
Data  requests  can  take  the  fora  "get  all  the  data  froa  a 
particular  sal sale  region"  and  th*  systaa  will  provide 
the  parameter  and  waveform  data  In  an  Integrated  fora 
Independent  of  Its  storage  location  on  disk  and  tape. 

The  digital  data  at  the  Center  will  Include  all  historical 
and  future  Global  Digital  Seisnie  Network  data  rm(lenBc*l 
into  archive  foraat  and  referenced  by  event  rather  than 
tins.  The  International  Data  Collection  Experiment 
Database  prepared  by  Sweden  for  th*  Group  of  Soioatlfic 
Experts  and  othsr  selected  research  data  bases  will  also 
be  in  th*  Center  data  library,  the  parameter  data  base 
includes  the  National  Earthquake  Information  Service  and 
International  Selamologlcal  Centre  (ISC)  oataloga, 
parameters  received  from  Canadian  and  UK  arrays,  and  data 
received  over  th*  World  Meteorological  Organisation  telex 
system.  The  entire  World  Wide  Seismic  Statloa  Network 
film  library  is  also  at  the  Csatar. 

The  heart  of  the  system  is  the  Seismic  analysis 
Subsystem,  which  has  bam  designed  to  provide  a  suite  of 
algorithms  for  testing  large  data  bases  as  well  as  the 
capability  for  easy  integration  of  new  ideas  in  seismic 
signal  processing.  Interactive  signal  analysis  is 
possible  through  the  us*  of  tbs  graphics  terminals.  On* 
terminal  displays  waveform,  while  the  other  oan  display 
naps,  feoal  solutions,  ray- treeing  solutions,  and  otter 
analysis  tools. 

The  capabilities  and  tools  developed  for  the  l*tntar 
for  Seismic  Studies  are  representative  of  tbs  capability 
desired  for  tbs  National  Canter  disseasad  in  this  report. 
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The  United  States  bit  focot  in  developing  a  njor 
laprovam ant  in  thn  Minnie  nngnnnt  of  tha  Atonic  Energy 
Da  taction  Systen  (JOBS).  Thin  inprovanant  known  an  tha 
Global  Surface  System  (G88)  will  provide  the  AIM  with  a 
fully  integrated  dig ital-tochnology-baned  system  capable 
of  detecting  and  locating  einaic  eventa  in  the  Union  of 
8oviet  Socialint  Republics  (USSX)  and  tha  Peoples  Aepublic 
of  China  (PIC)  shortly  after  their  occurrence,  the  ayaten 
will  be  designed  for  expansion  to  accept  and  process  data 
fran  additional  aouroes  that  will  eventually  lead  to 
worldwide  coverage  and*  when  combined  with  additional 
ayaten  improvement,  will  allow  preopt  explosion 
identification. 


Selected  MM  stations  are  being  upgraded  to  provide 
an  unnanned  digital  date  collection  and  tranani salon 
capability  (facility)  to  forward  data  fro*  an  expanded 
Mt  of  sensor  arrays.  Saiasio  waveform  data  collected  at 
these  remote  stations  will  be  transmitted  through  high- 
quality  digital  traosmlMion  circuits  using  error* 
detection  sad  error -correction  techniques.  Transmission 
paths  are  predominately  comprised  of  satellite  linker 
with  the  delivery  of  a  data  circuit  to  an  Sarth  station 
nt  Mo  central  baadqnartera  facility. 

A  central  headquarters  Technical  operation  Subsystem 
(101)  is  being  designed  to  provide  a  high  degree  of 
automation  inf  the  ptoaeMIMg  of  tha  Miamio  data. 


algorithms  will 

ling  aueh  that 
to 


tad  signal  aMooiation 
tha  primary  Miamio  data 
experienced  Mimaologiata  oaa  devote 
of  intarvet  using 
will  provide  a 


aya tarns.  A  data  arohive  will  provide  hiatocioal  files 
for  aubaagutnt  raaaaroh  or  fuwlopmant  efferts. 
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Dm  National  Cantac  should  have  at  laaat  tha  following 
functional  raqulr— nta. 


*.  Maintaining  an  international  data  baaa  oontainingi 
o  K  oonprehenaive  diractory  of  national  and 
intarnational  aaianio  data  aouroaa. 

o  Bullatina  of  hypooeater  and  aaaooiatad  phase 
data  [intarnational  Seiaaologioal  Contra  (INC)  *  M8ZS,  and 
regional  and  local  reports) ) . 

o  Spaoial  donor iptione  of  aarthgnkM  (a.g., 
Snitbaonian  bnllatin  of  abort-lived  phenonena.  danaga  and 
geologic  observations.  and  Intensity  data#  i.e.#  MIX). 

I.  Maintaining  a  digital  and  analog  waveform  data 
baaa  containing! 

o  QOflM  data  (netwock'-day  tapoa)  and  lataat  aagnant 
of  oontinuooa  data  (a.g.#  MRM#  OMNI). 

o  International  Baployaent  of  Aooelaraaatara  (ISA) 
network  data. 

o  Salaotad  hlgb-gaailty  data  f com  foreign  atationa 
o  National  network  data  (oonaiating  of  aelaotad 
atationa  in  regional  aetworka  that  feature  digital 
raoordiag#  high  dynanic  range#  and  broad  bandwidth) . 

o  fpootal  event  data  aeta  (a.g.,  digital  data 
and/or  data  fron  digitiaod  analog  roooode  iron  oorrant 
ayatana#  MH-typt  array#  WM#  Mid  analog  nagaatio 
tape#  paper  i  or  fila  raoordiag  fron  paanaaaat 
observatories. 

o  NNMM  film  ekipa  organ  1  tad  both  by  atation  and 


o  Analog  fila  raoordinga  for  other  biatorio  data 
aata  (a.g.#  UMN  and  paraaaant  observatories) . 
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o  Nuar- field  (strong-motion)  analog  and  digital 

data. 

C.  Developing  end  maintaining  an  affective 

da ta-baee -management  system  to  provide  users  with  desired 
seismologioal  information  and  data  in  a  timely  manner. 

The  system  should  be  versatile  to  meet  the  types  and 
combinations  of  features  as  specified  by  the  data  users. 

D.  Providing  usee  services  at  the  MC88  as  follows* 
o  Quick  look  and  browse  for  waveform  data. 

o  Preprocessing  of  data  (e.g. ,  rotation  of 
components,  filtering,  spectra,  record  sections, 
reduction  to  a  common  instrument  response) . 

o  A  variety  of  graphical  display  choices, 
o  Limited  access  by  users  to  computers  for 
intensive  data  manipulations  and  preliminary  analyses  of 
data. 

I.  implementing  new  technology  and  software  to 
improve  the  MCSS's  capabilities  to  provide  data  services 
and  products. 

P.  Providing  periodic  training  sessions  to  educate 
new  users. 

G.  maintaining  software  necessary  for  the  following i 
o  Routine  event  location  and  bulletin  generation, 
o  Preprocessing  of  data. 

o  Selected  analytical  taobslgmss. 
o  Baal-time  data  manipulation  for  event  detection 
and  location  using  a  limited  number  of  stations. 

H.  Distributing  data  to  users  under  several  options* 
o  network-day  tape  (in  standard  faroat) 

o  Network  event  tape  (in  standard  fasmatl 
o  B emote  aeoesa  vie  terminals 
o  Analog  waveforms 
o  Aeoesa  to  relational  data  bases 
o  Special  event  tapes  (in  standard  format) 
o  International  data  smehamge 

I.  Continuing  Involvement  of  reseerob  balneologists 
in  the  use  of  the  BOSS,  possibly  thrnmgh  a  viol ting 
scientist  program. 

J.  Disseminating  selected  event  data  mats  generated 
at  the  BOSS.  These  data  ooto  should  bo  oomot rooted  to 
oinimiBu  or  eliminate  (e.g.,  by  means  of  instrument 
calibration  or  response  matching)  the  used  lor 
preprocessing  so  that  seisuologists  with  Hotted 
o«Pi* lanoa  with  digital  prooeootmg  com  i^erf  ot  with 


the  dote 
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X.  Creating  a  ocaprtbtMivt  event  date  base 
consisting  of  all  global  network  digital  data  for  events 
of  5.5,  plus  selected  special  data  sets  (e.g., 
aainshoek  and  aftershock  sequences)  that  also  include 
strong-notion  and  regional  network  observations,  and 
other  ancillary  information  characterising  the  source 
region. 

L.  taper inents  designed  to  provide  near-real-tine 
capability  to  determine  source  character istics  of  large 
earthquakes  needed  for  purposes  such  as  warnings  (e.g., 
tsunami) ,  damage  assessment,  and  deployment  of  special 
instrumentation  in  the  epioentral  area. 

M.  Flexibility  to  incorporate  new  types  of  event  and 
waveform  data  in  the  future  and  to  accept  special  digital 
event  data,  such  as  digitised  analog  seismograms. 

I.  Archiving  of  all  data,  with  retrieval  architecture 
structure  to  eooenmodate  specific  user  needs  and 
frequency  of  use. 

O.  Developing  and  distributing  of  experimental 
"seismic  analysis  software  packages*  nominally  using 
higher-order  languages  such  as  FOmsiM,  that  are  easy  to 
operate  on  the  most  ooomon  oooputer  systems  extant  in  the 
user  oommunity. 

F.  Wide  dissemination  to  the  aoi analogical  community 
of  information  about  the  KM  capabilities  and 
available  data  bases. 

Q.  Periodic  review  sessions,  or  apeeial  symposia  at 
national/ In  ter national  eastings,  to  discuss  rssaarob 
results  and  capabilities  and  to  identify  additional  user 
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Atonic  tottfr  Detection  Systen 
Mr  roroo  Technical  Application  Contar 
agt—’y  for  Intarnational  Devalopnant 
Alaskan  Long  Period  Array 
maqimga  teisno logical  Laboratory 
Aaarioan  Rational  Standard  Coda  Cor  Infornation 
zatarebanga 

Abbreviated  tetanic  teoaarefa  Obeervatory 
Cantor  foe  teiaaic  Studiaa  (DAKPA) 

Digital  Dgnipnant  Corporation 
catenae  Advanced  nsaaarcfa  Projects  Agency 
Diptttwit  of  tefanaa 
Departnent  of  energy 

Digital  world  Wide  Standardised  teisnograph 
Wataork 

Voder al  teargency  Hanaganant  Agency 

Olobal  Digital  teianograpb  network 

Group  of  Scientific  experts 

global  teianograpb  Network 

global  Surface  Syetaa 

global  talent  tered  teianograpb  network 

bigb  gain  long  period 

Intarnational  AaaooiatiOh  of  Selenology  and 
Pbyaice  of  the  Sarth'e  interior 
International  Daploynant  of  Aooalaronatars 
Intarnational  Data  tnobanga 
International  teianologioal  Centra 
Large  Apertora  Mianio  Array 
teng  tenge  teiaple  Monitoring 
ModlfUd  nexonlli  Xntanaity 
national  Anconnetioe  end  ten  Adniniatratlon 
tetional  tenter  ter  teianologioal  Studiaa 


wwxs 

NGDC 
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National  Barthquaka  Information  Sarvica 
National  Oaophyaioal  Data  Cantar  (NOkA) 

NOAA  National  Ocaanic  and  Atmoapharie  Administration 

NBC  National  Nagulatory  Oo— iaaion 

N8T  National  Scianoa  Foundation 

RST  Ramota  Saiamie  Tarminal 

DSTN  Ragional  Saiiio  Vast  Network 

sdac  Saianio  Data  Analysis  cantar 

8DCS  Seismic  Data  Collaotion  Systaa 

spa  saaplas  par  saoond 

8BO  Saisaic  Basaaroh  Observatory 

TON  Vaotanioal  Oparations  Subsystem 

ONCD  Onitad  Nations  Committee  on  Disarmament 

0868  0.8.  Geological  Survey 

NDC  World  Data  Cantar 

UNO  World  meteorological  Organisation 

WN8SN  Worldwide  Standardised  Seismograph  Network 

Bvant  Data:  Information  such  as  station  phase  and 

amplitada  readings,  hypooantral  locations* 
magnitude*  and  otbar  source 

obaractaristios. 

Wavaform  Data*  Consisting  of  event  signatures*  soma 

available  on-line  in  raal  tins  but  otbar s, 
sooh  as  6D8N  network-day  tapes*  dalayad  by 
days  to  weeks. 


